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Page  2. 

In  monograph  are  examined  the  bases  of  calculation  and  principles 
of  construction  of  communication  systems  through  active  Earth 
satellites,  intended  for  transmission  of  large  n\imber  of  telephone 
conversations  and  television  programs. 

In  book  are  presented  questions,  which  relate  to  selection  of 
orbits  of  satellites,  to  calculation  of  levels  of  signals  and 
qualitative  indices  of  communication  channels  with  different  mechods 
of  modulation.  At  the  same  time  the  analysis  of  the  special  features 
of  the  joint  operation  of  communication  systems  through  ISZ  [AES  - 
artificial  earth  satellite]  and  radio  relay  lines  of  sight  in  the 
overall  frequency  band  is  given. 

Monograph  can  be  considered  as  introduction  to  complicated 
problem  of  construction  of  contemporary  communication  systems  through 
ISZ.  It  is  designed  for  the  radio  specialists  and  can  bo  useful  for 
the  students  of  the  old  courses  of  radio  engineering  departments  and 
graduate  students. 


.IG>. 
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Page  3. 

Preface. 

Starting/launching  by  Soviet  Union  on  4  October,  1957,  first 
artificial  Earth  satellite  (IS2)  was  indicated  real  possibility  of 
using  Earth  satellites  as  relay  stations.  This  accelerated  the  work 
of  Soviet  and  foreign  scientists  and  engineers  in  the  field  of  the 
creation  of  new  radiolink  systems  -  communication  systems  through  ISZ. 

On  23  April,  1965,  in  Soviet  Union  were  launched  communication 
satellite  "Molniya-1",  intended  for  transmission  of  large  ntjmber  of 
telephone  conversations,  television  programs  (image  and  sonic 
accompaniment),  telegraph  and  phototelegraphic  signals  [1]. 

Results  of  investigation  and  testing  communication  systems 
through  ISZ  "Molniya-l"  and  American  communication  satellites  Telstar, 
Syncoi'i  and  Intelsat  showed  that  similar  communication  systems  make  it 
possible  to  ensure  high-quality  transmission  of  television  programs 
and  large  number  of  telephone  conversations  up  to  considerable 
distances.  Therefore  in  recent  years  attention  given  to  the 
communication  systems  through  ISZ  grew  considerably;  the  numbpr  of 
stations,  which  by  1970  will  be  established/installed  in  different 
countries,  according  to  the  data  of  the  International  Union  of 
Electrical  Communication,  will  equal  94  [2j. 


To  special  features  of  communication  systems  through  ISZ  is 
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devoted  considerable  quantity  of  literature,  for  example,  work  [1,  3,  ^ 
4,  5,  6,  7,  8,  9].  However,  the  information,  available  in  those 
enumerated  and  in  other  publications,  proved  to  be  separated  and 
presented  insufficiently  in  detail,  whfch  hindered/hampered  their  use. 


Interest  in  communication  systems  through  ISZ  showed  advisability 
of  publishing  book,  in  which  would  be  examined  and  analyzed  bases  of 
construction  and  characteristic  features  of  such  systems.  At  the  same 
time  it  was  desirably  systematize  information  along  the  communication 
systems  through  ISZ.  The  proposed  monograph  is  dedicated  to  the 
solution  of  the  enixnerated  problems. 


Page  4. 


During  writing  of  book  were  taken  into  consideration  work  of  many^ 
Soviet  and  foreign  authors,  materials  of  International  Radio 
Consultative  Committee  (MKKR).  The  author  considers  it  necessary  to 
note  the  high  value  of  the  labor  of  S.  V.  Borodich  [10;  11;  12],  V. 

A.  Smirnov  [13]  and  B.  R.  Levin  [14].  In  the  book  some  pioblished 
work  of  the  author  and  materials  set  forth  by  the  author  when  taking 
courses  at  the  Moscow  electrical  Institute  of  Communication  are 
included. 


Many-sidedness  of  questions,  which  relate  to  communication 
systems  through  ISZ,  impedes  their  examination.  In  this  work  are 
examined  questions,  in  essence  relating  to  the  principles  of 
calculation  and  construction  of  the  communication  systems  through  ISZ 
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during  the  active  relaying  of  signals;  reducing,  relating  to  the 
selection  of  diagrams  and  nodes  of  apparatus  and  equipment,  they 
cannot  pretend  to  the  completeness  of  presentation. 

Book  is  intended  for  scientific  and  technical-engineering 
workers,  who  carry  out  development  and  operation  of  communication 
systems,  and  also  to  students  of  schools  of  higher  education,  which 
specialize  in  region  of  connection/communication. 

I  consider  it  my  pleasant  duty  to  express  appreciation  to  A.  L. 
Badalov  and  to  Honored  Scientist  and  Technologist,  Doctor  of  Technical 
Sciences  Prof.  B.  P.  Terent’yev  for  his  advice,  which  was  considered 
during  the  writing  of  monograph.  The  author  is  very  grateful  to 
Candidate  of  Tech.  Sciences  Docent  M.  V.  Na2«;rov  for  the  valuable 
observations,  made  with  the  survey  of  the  manuscript. 

Author  expresses  sincere  gratitude  to  reviewer  of  the  bcolc.  K.  K, 
Ogorodnikov  for  his  extremely  thorough  examination  of  manuscript  and 
are  important  advice  and  observations. 

Critical  observations  and  wishes  should  be  sent  to  address: 
Moskva-tsentr ,  Chistoprudnyy  bul'var,  d.  2,  izd.  "Svyaz'". 
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Page  6. 

Chapter  1. 

Principles  of  the  construction  of  communication  systems  through 
artificial  Earth  satellites. 

1.1.  General  information. 

In  communication  systems  through  artificial  Earth  satellites 
(ISZ),  satellites  perform  role  of  relay  station.  Let  us  examine  the 
diagram  of  connection/communication,  given  in  Fig.  1.1.1. 

Here  A  and  £  -  points/items,  between  which  is  established 
communication,  and  straight  lines  AA^  and  BB'  -  tangents  to  surface 
of  Earth,  at  points  A  and  B  they  are  lines  of  horizon  of  these 
points/ items.  From  the  figure  it  is  evident  that  ISZ-1, 
moving/driving  along  orbit  MN,  simultaneously  can  be  observed  in 
points/items  A  and  B  only  in  the  section  of  orbit  A'-fi'  .  During  the 
motion  in  this  section  the  electromagnetic  vibrations,  emitted  by  the 
antenna  system  of  point/item  A  toward  ISZ-1,  are  received  as  the 
onboard  radio  equipment  of  satellite,  and  then  immediately,  after 
amplification,  they  are  headed  in  the  direction  of  the  Earth  and  they 
can  be  accepted  in  point/item  B. 

Radiolink  system  in  presence  of  onboard  equipment  is  called 
system  with  active  relaying  of  signal  or  system  with  active  satellite. 
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System  with  active  relaying  of  signal  depending  on  orbit  altitude 
and  distance  between  correspondents  can  be  carried  out  as  system  with 
instantaneous  relaying  (system  on  reel  time)  and  as  system  with 
delayed  relaying.  During  the  transmission  of  identical  with  respect 
to  space  communications/reports,  for  example,  during  the  transmission 
of  television  program,  the  communication  system  with  tht  delayed 
relaying  will  have  the  more  elaborate  complex  of  installed  equipment, 
than  system  with  the  instantaneous  relaying,  since  in  the  latter  is 
not  necessary  equipment  of  the  memory. 
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Fig.  1.1.1.  Principles  of  realization  of  radio  communication  through 
ISZ. 

Key:  (1).  Earth. 

I  Page  7. 


Let  us  examine  case  of  moving  satellite  ISZ-2  along  orbit  mn 
(Fig.  1.1.1)  with  this  low  altitude  that  it  cannot  simultaneously  be 
observed  of  points/items  A  and  B  (orbit  altitude  lower  than  point  of 
intersection  line  of  horizon  AA  '  and  £6').  It  is  obvious  that  the 
signal,  which  enters  the  satellite  ISZ-2,  cannot  be  immediately 
transmitted  to  correspondent  £. 


In  this  case  radiolink  system  is  fulfilled  as  follows: 
satellite,  flying  above  correspondent  A,  accepts 
communications/reports,  which  after  preliminary  amplification  are 
supplied  to  onboard  equipment  of  memory.  Above  point/item  B  on  the 
satellite  is  switched  on  onboard  transmitter  and  is  transmitted  the 
information,  obtained  by  satellite  from  correspondent  A.  The  start  of 
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transmitter  can  be  realized  by  supply  of  the  special  control  signal,  ^ 
emitted  by  correspondent  B  at  the  moment  of  the  appearance  of 
satellite  ISZ-2  in  the  visibility  range,  or  by  onboard  program  unit, 
which  calculates  the  satellite  velocity  on  the  basis  of  orbit,  its 
height/altitude  and  the  distance  between  the  correspondents - 

Satellite  ISZ-2  with  equipment  of  memory  is  aboard  called 
satellite-messenger,  and  radiolink  system,  which  uses  such  satellites 
-  by  communication  system  with  memory  or  communication  system  with 
delayed  relaying. 

From  apparently,  more  expedient  for  transmission  of  comparatively 
narrow-band  signals  -  small  number  of  telephone  conversations  or  ^ 

telegraph  information,  since  in  this  case  equipment  of  memory  is  more 
simple.  In  connection  with  this  subsequently  entire  presentation  will 
be  led  in  connection  with  systems  with  the  instantaneous  relaying  of 
communications/reports. 

For  transmission  of  communications/reports  from  point/item  A  to 
point/item  B  can  be  proposed  second  method  of  radio  communication, 
with  which  on  board  satellite  there  will  not  be  radio  equipment,  but 
signals,  sent  from  point/item  A,  will  be  reflected  by  surface  of 
satellite  ISZ-1  in  direction  of  Flarth  without  preliminary 
amplification.  In  this  case  the  signals  in  point/item  B  will  be 
weaker  than  in  the  first  version,  but  with  a  sufficient  antenna  gain 
and  the  sensitive  receivers  this  method  in  a  number  of  cases  is 

v 


~Wi»*  <*-m 
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[  applicable.  The  latter/last  communication  system  is  called  the 

I  communication  system  with  the  passive  relaying  or  system  with  the 

passive  satellite.  It  can  be  carried  out  only  with  the  immediate 
relaying  of  signal,  i.e.,  as  system  on  real  time. 


I 

I 


One  should  mention  that  for  purposes  of  simplification  given 
examination  was  conducted  for  case,  when  transmission  of  signals  was 
realized  from  one  correspondent  A  to  the  next  B.  Transmission  to  the 
reverse  side  is  realized  analogously. 
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Theoretically,  communication  satellites  can  utilize  any  orbits; 
however,  equatorial  circular  orbit,  distant  from  surface  of  Earth  up 
to  distance  of  approximately  36000  km,  is  most  interesting.  As  it 
will  be  shown  below  (see  Chapter  2),  when  the  direction  of  the  motion 
of  satellites  in  this  orbit  coincides  with  the  direction  of  rotation 
of  the  Earth,  to  ground-based  observer  satellite  will  seem  fixed 
(stationary  satellite). 


During  use  of  three  stationary  satellites,  located  in  equatorial 
plane  at  angle  of  120”  (Pig.  1.1.2),  possible  to  create  a  world-wide 
communication  system. 

In  this  case  from  station  at  point  I  will  be  transmitted 
ccmmunicet ions/reports  to  satellites  ISZ-1  and  ISZ-2,  and  from  them  - 
to  the  Earth.  If  we  at  point  II  establish  the  receiving-transmitting 
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Station,  which  will  relay  program  from  ISZ-2  and  ISZ-3,  and  the  latter  ^ 
will  realize  transmission  in  the  direction  of  the  Earth,  then  the 
communication/report,  transmitted  from  point  I,  can  be  accepted  in  any 
place  by  terrestial  globe  (except  the  regions,  which  lie  higher  than 
76.5"  northern  and  south  latitudes). 

For  realization  of  connection/communication  from  point  II  with 
any  point  on  terrestial  globe,  installation  of  ground  relay  station  at 
point  I  or  III  is  necessary.  During  the  transmission  from  point  III 
the  satellites  and  grour.J-based  repeaters  at  point  I  or  II  are 
utilized.  In  this  communication  system  can  be  used  both  the  active 
and  passive  relaying  of  signals. 

0 

Important  advantage  of  connection/communication  through 
stationary  satellites  consists  in  the  fact  that  reception  and 
transmission  of  signals  can  be  realized  with  fixed  ground-based 
antennas.  In  all  other  cases  are  necessary  more  complicated  mobile 
antenna  systems,  and  also  special  equipment  of  tracking  or  program 
unit,  which  controls  the  motion  of  antenna.  However,  this 
complication  can  be  justified  by  simpler  and  cheaper  starting  systems 
of  satellite,  by  possibility  of  injection  into  orbit  of  satellite  with 
the  large  weight  with  the  same  rocket  engines.  This  makes  it  possible 
to  increase  a  ntimber  of  channels,  relayed  oy  satellite,  or  to  raise 
the  reliability  of  connection/communication  due  to  the  installation  on 
board  the  more  powerful  transmitters,-  the  sensitive  receivers  or  the 
assemblies  of  stand-by. 
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Together  with  this  of  communication  system  through  satellites, 
which  move  along  inclined  elliptical  or  circular  orbits,  they  make  it 
possible  to  ensure  connection/communication  with  any  points  on  surface 
of  Earth,  including  with  territories,  which  are  located  higher  than 
76.5°  northern  and  south  latitudes. 

During  comparison  of  orbits  of  satellites  one  should  also  note 
that  use  of  stationary  satellites  is  allowed  for  correspondents,  who 
observe  it  simultaneously,  to  support  long  corcinuous  bond. 
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Fig.  1.1.2.  Diagram  of  connection/communication  through  ISZ. 

Page  9. 

During  the  use  of  transient  satellites,  the  connection/communication 
between  correspondents  A  and  E  (Fig.  1.1.1)  will  be  only  in  the 
period  of  the  motion  of  satellite  on  the  section  of  orbit  B'  h' . 


Guarantee  of  long  continuous  link  with  comparatively  low  orbits  ^ 
is  possible  only  with  increase  in  number  of  satellites  (Fig.  1.1.3). 

In  this  case  in  each  ground-based  point/item  must  be  established  two 
antennas  a^,  and  a*,  which  can  realize  transmission  and  reception  of 
signals,  utilizing  one  of  the  satellites,  for  example,  ISZ-3,  that  is 
located  in  the  zone  of  the  simultaneous  visibility  5' -A'.  When  ISZ-3 
leaves  the  visibility  range,  connection/communication  will  be  realized 
with  the  aid  of  antennas  a^  and  satellite  ISZ-2.  When  satellite  ISZ-2 
leaves  the  visibility  range,  the  transmission  and  the  reception  of 
signals  must  be  realized  by  means  of  the  satellite  ISZ-1  and  antennas 
ai,  directed  toward  this  satellite  and,  etc.  It  is  obvious  that  for 
obtaining  the  continuous  connection/communication  the  distance  between 
adjacent  satellites  must  be  less  than  the  zone  of  simultaneous 
visibility,  so  forth.  A  number  of  satellites  with  this  form  of 


communication  is  great.  Depending  on  the  distance  betvsen  the 
correspondents,  heights/altitudes,  forms  also  of  orbit  inclination 
their  number  can  oscillate  from  10-12  to  40-50. 


Communication  system  with  several  satellites  can  be  botn  with 
active  and  with  passive  relaying  of  signals.  Each  of  these  methods 
has  their  advantages  and  disadvantages.  During  the  passive  relaying 
the  strength  of  field  in  the  sector  of  reception/procedure  proves  to 
be  very  low,  so  that  it  requires  the  essential  complication  of  the 
ground-based  equipment:  the  application  of  bulky  antennas,  powerful 
transmitters  and  sensitive  receivers  with  the  parametric  and  molecular 
amplifiers.  However,  due  to  the  absence  of  onboard  equipment, 
repeater  proves  to  be  simpler,  and  system  with  the  passive  relaying 
possesses  larger  reliability.  Furthermore,  as  is  noted  in  tl.l], 
width  of  band  of  the  relayed  signals  in  this  case  is  unlimited,  since 
the  passive  communications  relays  are  linear  systems  and  therefore  can 
be  used  simultaneously  in  several  lines  connections/communications, 
which  work  at  different  frequencies  and  with  different  power  levels, 
without  interferences.  Thus,  obtaining  nev;  channels  or  lines  of 
communications  requires  only  the  construction  of  supplementary 
terrestrial  points/items  or  corresponding  increase  in  the  complex  of 
the  terrestrial  rece: ving-transmitting  equipment. 
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/ 


Fig.  1.1.3.  System  with  several  ISZ. 

Key;  (1).  Earth. 

Page  10. 

In  contrast  to  this  active  repeaters  have  limited  frequency  and 
dynamic  range  and,  consequently,  can  be  used  for  transmission  only 
specific  numbers  of  signals. 

Considerably  best  energy  inaices,  which  make  it  possible  to 
utilize  simpler  ground-based  antennas  and  transmitters  of  smaller 
power,  are  important  advantage  of  active  relaying  during  transmission 
of  signals,  which  occupy  large  frequency  band. 

One  should  emphasize  that  physical  special  features  of 
communication  systems  with  passive  communications  relays  in  principle 
make  it  possible  to  carry  out  transmission  of  television  and  hundreds 
of  telephone  signals.  However,  the  level  of  contemporary  technology 
yet  does  not  make  it  possible  to  realize  these  possibilities  during 
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the  use  of  the  means,  compared  with  those,  which  are  used  during  the 
active  relaying  of  signaD.s.  For  this  reason  the  communication  systems 
with  the  passive  relaying  thus  far  can  be  utilized  only  for  the 
transmission  of  narrow-band  signals,  which  very  is  in  detail  examined 
in  several  experimental  and  theoretical  works  [1.2,  1.3,  1.4,  1.5, 
1.6]. 

In  description  and  during  analysis  of  communication  systems, 
intended  for  transmission  through  ISZ  of  television  or  a  large  nximber 
of  telephone  signals,  which  occupy  large  frequency  band  on  video  and 
through  group  circuit,  are  television,  subsequent3y  we  will  proceed 
from  diagrams  in  Fig.  1.1.1  and  1.1.3,  assuming  use  only  of  active 
repeaters. 

Let  us  examine  now  most  common  block  diagram  of 
connect  ion/ communication,  between  points/items  A  and  B  through  ISZ, 
shown  in  Fig.  1.1.4. 
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Fig.  1.1.4.  Conunon  system  block  diagram  of  connection/communication 
through  ISZ. 

Key:  (1).  Point. 

Page  11. 

Transmitted  by  subscribers  1,  2,  ...,  N  signals,  which  can  have 
identical  frequency  spectra,  are  fed/conducted  to  equipment  for 
multiplexing  channels  AY.  Designation/purpose  of  the  latter  -  to 
ensure  transmission  along  one  line  of  communications  of  several 
signals.  Systems  for  multiplexing  channels  with  respect  to  frequency 
and  time  at  present  extensively  are  used. 

From  AY  oscillations  are  fed/conducted  to  modulator  M  of 
transmitter  HY,  in  which  is  included  transmitter  n.  Then  on  the 
feeder  of  transmitter  0„  the  modulated  oscillations/vibrations  with  a 
carrier  frequency  of  f j  are  emitted  by  that  transmitting  antenna  A„ 
toward  ISZ. 
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On  board  satellite  of  oscillaticn/vibration  of  carrier  frequency 
fi  will  be  received  by  receiving  antenna  >l,.pg  and  on  feeder  of  onboard 
receiver  they  are  conducted/supplied  to  input  of  receiver  Ilpa. 

After  amplification  and  necessary  conversions  in  the  auxiliary 
step/stage  BC  (for  example,  after  transition/ junction  from  the  carrier 
frequency  fi  for  a  lower  frequency  f,)  these  oscillations/vibrations 
will  enter  the  input  of  onboard  transmitter  /7o  and  through  feeder  0^5 
to  the  onboard  transmitting  antenna,  which  radiates  in  the  direction 
of  the  Earth  oscillations/vibrations  with  frequency  fj. 

Oscillations/vibrations  of  carrier  frequency  f,  can  be  accepted 
terrestrial  of  receiving  antenna  /Inp  and  then  to  feeder  0np  they  are 
sent  Ao  input  of  receiver  rip.  which  is  part  of  complex  of  receiver  IlpY. 
After  the  passage  of  detector  fl  the  oscillations/vibrations  are 
fed/conducted  to  the  equipment  for  the  separation  of  channels  AP,  and 
then  proceed  to  correspondents. 

Connection/communication  from  one  point/item  B  to  the  next  A  is 
similar  examined;  however,  for  preventing  interferences  it  is 
necessary  to  utilize  other  frequencies  f,  and  f*.  Thus,  for  the 
duplex  operation  in  systems  of  communication  through  ISZ  are  required 
four  frequencies. 

From  examination  of  Fig.  1.1.4  follows  that  during  transmission 
from  point/item  6  to  point/item  A  is  utilized  equipment,  similar  to 
volume,  which  is  used  for  connection/communication  in  direction  from  A 
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to  B.  Let  us  note  that  equipment  for  multiplexing  AY  and  separation 
of  channels  AP  on  each  point/item  enters  into  the  general/common 
complex  of  equipment  for  multiplexing  KAY,  moreover  territorially 
complex  KAY  can  be  placed  both  in  immediate  proximity  of  the 
transmitting  and  receiver  HY  and  IlpY  and  at  the  considerable 
removal/distance.  In  the  latter  case  KAY  must  be  connected  with  the 
transmitting  and  receiving  IIY  and  npY,  the  appropriate  cable  or  radio 
relay  lines. 

At  the  same  time  it  is  important  to  note  that  all  remaining 
connecting  lines  (feeders  0n, ^np)  they  must  be  as  shortly  as  possible, 
since  in  this  case  quality  and  reliability  of  connection/communication 
is  raised. 

During  the  transmission  of  telephone  conversations,  diagram  in 
Fig.  1.1.4  must  be  supplemented  by  differential  systems.  The  latter 
provide  transition/junction  from  the  four-wire  skeleton  of  complex  of 
equipment  for  multiplexing  (two  wires  to  AY,  two  wires  from  AP)  to  the 
two-wire  circuit  (Fig.  1.1.5). 

Page  12. 

Fig.  1.1.5  of  broken  arrow  shows  passage  of  signal  of  subscriber, 
located  at  point  A.  The  speaking  currents  of  this  subscriber  from 
equipment  AP  come  through  flC  only  into  the  two-wire  circuit,  but  also 
are  branched/shunted  to  AY,  and  then  -  along  the  line  the 
connections/communications  are  supplied  back  into  point/ item  A  to  the 
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same  subscriber.  As  a  result  the  subscriber  at  point  A  will  hear  out 
his  speech  in  the  form  of  the  echr  of  signal  in  hand  receiver.  Echo 
level  of  signal  will  be  determined  by  the  quality  of 
balanc 'ng/trimming  JIC. 

Analogous  to  that  examined  during  poor  balancing  of  flC  at  point  A 
echo  signals  will  be  heard  by  subscribers  of  point/item  B. 

Is  especially  noticeable  echo  signals  as  interferences,  which 
interfere  with  conversation,  on  lines  of  communications  of  large 
extent,  where  between  signal  of  subscriber  and  echo  by  signal  is 
obtained  considerable  time  lag  (several  hundred  milliseconds).  Its 
this  value  can  be  observed  in  the  communication  systems  through  the 
satellite. 

Let  us  emphasize  that  diagram  in  Fig.  1.1.4  allows  for 
possibility  of  operation  of  two  terrestrial  stations  through  one 
communication  satellite.  Analogous  diagrams  can  be  used,  also,  for  a 
larger  number  of  terrestrial  stations.  The  communication  system,  in 
which  the  communication  satellite  is  utilized  (it  proves  to  be 
available)  for  operation  of  several  terrestrial  stations,  is  called 
the  system  of  multistation  communications  or  system  with  the 
multistation  access. 

Installed  equipment  of  satellite  can  be  constructed  according  to 
principle  of  single  and  multiplex  operation.  In  the  first  case  the 
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s  diagram  of  repeater  is  analogous  to  diagram  in  Fig.  1.1.4.  Example  of  ^ 

s  the  multiplex  operation  of  installed  equipment  -  diagram  in  Fig. 

I  1.1.6.  In  this  case  one  and  the  same  complex  of  installed  equipment 

I 

[simultaneously  is  utilized  for  relaying  of  the  communications/reports 
of  two  terrestrial  stations?  the  reception  of  communications  is 
I  conducted  at  frequencies  fi  and  fj,  and  transmission  -  at  frequencies 

i 

fj  and  f4. 

I  It  is  obvious  that  single  and  multiplex  operation  of  repeater  can 

I 

be  realized  not  only  with  two  Earth  stations,  but  also  with  their  any 
nmnber . 
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Fig.  1.1.5.  Connection  of  differential  system. 

Key;  (1).  Two-conductor  line.  (2).  Point/item.  (3).  Line  of 
communications . 

Page  13. 

In  particular,  the  multiplex  operation  of  equipment  is  possible  in  the 
case  of  the  transmission  of  signals  only  from  one  terrestrial  station. 
In  this  case  the  equipment  component  (antenna,  amplifier,  etc.)  can 
repeatedly  be  utilized  for  successive  reception  and  transmission  or 
amplification  of  one  and  the  same  communication/report,  if,  certainly, 
each  time  will  be  conducted  the  corresponding  shift/shesr  of  the 
carrier  frequency. 

Thus,  multiplex  operation  of  equipment  of  repeater  is  in 
principle  possible  both  from  one  terrestrial  station  and  in 
multistation  connection/communication. 

Comparison  of  diagrams  in  Fig.  1,1.4  and  1.1.5  shows  that  with 
multiplex  operation  number  of  elements,  which  make  up  communication 
equipment  of  repeater,  substantially  decreases.  However,  the 


DOC  =  86120401 


PAGE 


24 


requirements,  presented  to  the  repeatedly  working  elements,  prove  to 
be  more  complicated. 


Let  us  note  that  multistation  communication  systems  can  be 
constructed  both  with  frequency  separation  of  signals  of  those  emitted 
by  terrestrial  stations  (in  abbreviated  form  designated  MCh),  and  vrith 
temporary /time  separation  (MV).  In  the  latter  case  through  one 
repeater  successive  operation  of  several  Earth  stations  is  realized. 


Some  questions,  which  relate  to  multistation  systems  and 
multiplex  operation,  are  examined  in  Chapter  12. 

1.2.  Terminology. 


Terminology  and  definitions  for  many  questions,  which  relate  to 
communication  systems  through  ISZ,  have  at  present  been  established. 
Therefore  are  given  below  the  definitions  of  some  terms,  whose  part  is 
utilized  in  this  book.  Sign  *  noted  the  terms,  which  were  accepted  by 
the  X  or  XI  Plenary  assemblies  of  MKKR. 


Active  communication  satellite  *  ~  satellite,  in  which  for 
connection/communication  is  utilized  o.uboard  radio  station. 


Deep  space  *  -  space  at  a  distance,  commensurate  with  distance  of 
Moon  or  larger. 


Terrestrial  station  *  -  station  of  space  service, 
arranged/located  on  surface  of  Earth  (including  stations  on  board  shi^-^- 
or  on  mobile  ground-based  object)  or  on  board  aircraft. 
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Fig.  1.1.6.  Version  of  block  diagram  of  relay. 

Page  14. 

Space  service  *  -  radio  communication  service: 

-  between  terrestrial  to  by  space  stations; 

-  or  between  space  stations; 

-  or  between  terrestrial  stations,  when  signals  are  relayed  by 
space  stations  or  are  transmitted  by  means  of  reflection  from  objects, 
which  are  found  in  space,  eliminating  reflection  or  scattering  of 
ionospheric  or  in  limits  earth's  atmosphere. 

Space  station  *  -  station  of  space  service,  arranged/located  on 
object,  which  is  intended  for  shipment  beyond  limits  of  basic  part  of 
earth's  atmosphere  either  is  located  or  was  located  beyond  these 
limits . 

Spacecraft  *  -  any  type  of  space  means  of  movement,  including 
Earth  satellites,  probes  of  deep  space  etc.,  manned  or  unmanned. 

Let  us  note  that  in  the  definition  of  spacecraft  its 
sizes/dimensions  do  not  figure;  therefore  by  spacecraft  can  be 
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understood  not  only  very  large  means  of  transportation  in  space,  but 
also  objects  with  very  small  dimensions. 

Multiple-synchronous  satellites  *  -  satellites,  for  which 
sidereal  period  of  orbit  of  fundamental  body  around  its  own  axis  into 
whole  number  of  times  is  more  than  average  sidereal  circling  time  of 
satellite  around  fundamental  body. 

Weather  service,  which  uses  Earth  satellites  *-  space  service,  in 
which  results  of  meteorological  observations,  carried  out  with  the  aid 
of  instruments,  are  established/installed  henna  Earth  satellites,  they 
are  transmitted  to  terrestrial  stations  from  space  stations  of  these 
satellites. 

Ground  station  -  station  of  nonspace  service. 

Nonspace  services  *  -  general/common  term,  applied  to  any  or  to 
all  radio  services,  with  exception  of  space  service. 

Orbital  surface  -  surface,  motion  by  which  coincides  with  motion 
of  Earth,  formed  by  traces  (turns)  of  satellite  for  long  time. 

Passive  satellite  *  -  satellite,  intended  for  relaying  of 
signals,  scattered  or  reflected  from  it  (into  this  concept  they  enter 
tanks/balloons  of  type  "EKhO",  orbiting  dipoles.  Moon,  etc.). 
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Service  or  system  of  communications  which  uses  Earth  satellites 
(IS2)  *-  space  service  or  radiolink  system  between  terrestrial 
stations,  in  which  signals  are  relayed  by  many  one  or  space  stations 
or  ere  transmitted  by  reflection  or  scattering  from  objects,  which  are 
found  in  orbit  around  Earth. 


Page  15. 

Service  of  radio  broadcasting,  which  uses  Earth  satellites  *  ~ 
space  service,  in  which  signals,  transmitted  either  by  space  stations, 
or  by  reflection  or  sca-ctering  from  objects,  which  are  found  in  orbit 
around  Earth  or  are  intended  for  direct  reception  by  population. 


Synchronous  satellites  *  -  satellites,  for  which  average  sidereal 
period  of  orbit  about  fundamental  body  is  equal  to  sidereal  period  of 
orbit  of  fundamental  body  around  its  own  axis  (latter  for  earth/ground 
it  is  approximately  23  hours  of  56  min.). 
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Chapter  2. 

Motion  of  satellites  and  duration  of  periods  of  communication. 

2.1.  Motion  of  satellites. 

Earth  satellites  can  be  launched  on  they  are  shaved,  that  are 
characterized  by  following  parameters: 

a)  by  orbit  inclination,  i.e.,  by  angle  between  equatorial  plane 
and  orbital  plane.  In  accordance  with  this  there  can  be  the 
equatorial  orbits  (orbit  inclination  equal  to  zero),  the  polar  orbits 
(orbit  inclination  equal  to  90”)  and  inclined  orbits  (during  any 
other  inclination); 

b)  by  the  shape  of  the  orbit  (circular  or  elliptical); 

c)  with  orbit  altitude  above  the  surface  of  the  Earth  or  the 
distance  from  the  orbit  to  the  center  of  the  Earth. 

During  motion  of  ISZ  [HC3  -  artificial  earth  satellite]  on  it 
acts  not  only  attraction  cf  Earth,  but  also  gravitational  field  other 
celestial  body  -  Moon,  sun,  planets.  Furthermore,  the  motion  of 
satellite  depends  on  the  cr  nponents  of  the  gravitational  force,  which 


DOC  =  86120402 


PAGE 


>c 


appear  as  a  result  of  the  noncentral  nature  of  the  gravitational 
field  of  the  Earth,  and  also  due  to  the  force,  which  appears  as  a 
result  of  the  effect  of  magnetic  field.  During  the  motion  of 
satellite  along  the  orbits  with  the  low  altitude  essential  effect 
resists  of  the  atmosphere. 

Motion  of  satellite  under  effect  of  all  enumerated  forces  will 
endure  disturbances/perturbations  and  deviations  from  trajectory, 
determined,  in  the  first  approximation,  only  by  attracting  force  of 
Earth.  The  motion  of  satellites  around  the  Earth  is  explained  by 
Kepler's  laws.  According  to  the  first  of  them,  one  of  the  foci  of  the 
elliptic  orbit  of  satellite  or  center  of  circular  orbit  must  be 
located  in  the  center  of  mass  of  the  Earth.  Hence  follows  that  ISZ, 
in  contrast  to  the  projectiles  or  the  aircraft,  cannot  fly  on  any 
trajectory  above  the  surface  of  the  Earth,  but  it  can  move  only  along 
such  orbit,  whose  plane  compulsorily  passes  through  the  center  of 
mass  of  the  Earth,  in  particular  ISZ  cannot  move  along  any  parallel 
of  terrestial  globe,  with  exception  of  equator  (equatorial  orbit). 
Page  17. 

Let  us  determine  speed  of  undisturbed  motion  of  ISZ,  which  moves 
along  circular  orbit  with  radius  of  r,  calculated  off  center  of 
Earth.  In  this  case  according  to  the  known  formula,  which  determines 
the  equilibrixim  of  forces  of  gravity  Fr  =  k—  and  centrifugal  force 

r* 

2 

=  H'!!.  we  will  obtain; 
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where 


(2.1.1) 


k=6.67*10‘*  -  constant  of  gravity, 

M  -  5.974«10*‘’  -  mass  of  ^^^rth,  2,.. 
m  -  mass  of  IS2,  a,  . 

Ok-  circular  veloaity  of  motion  of  ISZ,  crc/s. 


Expression  for  circular  velocity  can  he  registered  on  other, 
using  value  of  circular  velocity  v*  of  hypothetical  satellite,  which 
moves  along  circular  orbit  with  radius,  equal  to  radius  of  Earth 
R=6,4»10*  cm. 


Taking  into  account,  given  above  values,  let  us  find  Vo=7.9*10* 
cm/s;  after  substitution  we  will  obtain 


=  7.9- 10‘  .  cm/s,  (2.1.2) 

Taking  into  account  value  R  and  passing  from  dimensionality  in 

find 

km/s.  (2.1.3) 


centimeters  to  kilometers,  let  us 


630 


v 


AT 

Xjf 
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Value  y,„  which  is  called  orbital  velocity,  with  increase  in  r  is 
reduced. 

Period  of  orbit  of  ISZ,  which  moves  along  circular  orbit  with 
radius  of  r,  can  be  found  from  expression 

T^=—.  (2.1.4) 

tv 

Taking  into  account  value  corrected  above  for  v^,  let  us  find 
7,=  10-*  s  =  1,66 .  10-^  min.  (2.1.5) 

For  hypothetical  satellite,  which  moves  along  circular  orbit 
with  radius,  equal  to  equatorial  radius  of  Earth,  period  of  orbit 
To=84.4  min  or  5064  s. 

Upon  consideration  of  value  T,  circling  time  of  satellite  along 
circular  orbit  can  be  registered  in  the  form 

7’k  =  7’o(^P  (2.1.6) 

where  R=6400  km  are  radius  of  Earth. 

Page  18. 

Let  us  note  that  in  all  resulting  expressions  radius  of  orbit  of 
satellite  can  be  expressed  through  radius  R  Earth  and  orbit  altitude 
above  surface  H  Earth;  in  this  case  it  is  obvious  that  pi.;viously 
introduced  value  of  radius  of  orbit  r=R+H. 
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Table  2.1.1  gives  values,  which  determine  period  of  orbit  Tk  and 
speed  vk  of  satellite,  which  moves  along  circular  orbit  of  radius  r, 
which  corresponds  to  height/altitude  above  surface  of  Earth  H=r-6400 
km. 

In  accordance  with  data  of  Table  2.1.1jFig.  2.1.1  gives 
dependences  and  T",,  on  height/altitude  H. 
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Table  2.1.1. 


r»  KM 

! 

1  //,  KM 

6400 

0 

84,4 

7.9 

6900 

500 

94,5 

7,62 

7400 

1  000 

105 

7.35 

11400 

5  000 

201,2 

5,92 

1340C 

7000 

256,5 

5,41 

16400 

10  000 

349 

4,93 

26600 

20200 

720 

3,89 

36  400 

30  000 

1440  (24  laca) 

3,3 

42  270 

35  870 

3,06 

46  400 

40  000 

1664 

2,92 

56  400 

50000 

2231 

2,66 

106  400 

100  000 

5784 

1.94 

Key:  (1).  min.  (2).  km/s.  (3).  hour. 


DOC  «  86120402 


PAGE 


;<  3Y 


Fig.  2.1.1.  Dependence  p*  and  7»  on  orbit  altitude. 

Key:  (1).  min  ...  km/s.  (2).  Days. 

Page  19. 

Let  us  pass  to  examination  of  fundamental  principles,  which 
determine  motion  of  satellite  according  to  elliptic  orbit,  Fig. 

2.1.2. 


For  describing  elliptic  orbit  following  fixed  points  and  lines 
usually  are  used: 

-  perigee  altitude  /•/„  -  distance  from  Earth  to  nearest  point  of 
orbit, 

-  apogee  altitude  //a  -  distance  from  Earth  to  outermost  point 
of  orbit, 

-  line  of  apsides  -  line,  ’-hich  connects  apogee  points  and 
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perigee. 


-  semimajor  axis  of  orbit  a  -  distance,  equal  to  half  of  length 


of  line  of  apsides; 


'’a  +'’n 
2 


Here 


ta  -  distance  from  the  center  of  the  Earth  to  the  apogee, 
ri\  -  distance  from  the  center  of  the  Earth  to  the  perigee, 
c  -  the  focal  length  {see  Pig.  2,1.2), 

e  -  orbit  eccentricity,  defined  as  the  ratio  of  focal  length  to 


the  semimajor  axis,  i.e. 


--  -l-IiLZlil 

a  “  2a 


(2.1.9) 


Positio.n  ISZ  in  orbit  is  characterized  by  true  anomaly  d,  which 
is  determined  by  angle  between  line,  which  connects  center  of  Earth 
with  perigee  and  line,  drawn  from  center  of  Earth  into  that  point  of 
orbit,  in  which  is  located  ISZ.  True  anomaly  is  counted  off  from  the 
line,  which  connects  the  focus  of  orbit  and  perigee  point  in  the 
direction  of  motion  of  ISZ  (see  Fig.  2.1.2).  At  the  same  time  the 
position  of  ISZ  can  be  characterized  by  eccentric  anomaly  E, 
determined  by  the  angle  between  the  lines,  which  connect  the  center 
of  elliptic  orbit  with  the  perigee  point  and  point  p,  which  is  found 
in  conditional  circular  orbit  of  radius  a.  Point  p  is  obtained  as  a 
result  of  the  intersection  of  circular  orbit  with  the  straight  line, 
perpendicular  to  the  line  of  apsides  All  (AP)  and  passing  through  that 
point  in  the  elliptic  orbit,  in  which  at  the  moment  of  time  in 
question  is  located  the  satellite. 


Fig. 

2.1.2.  Orbital  parameters. 

Key: 

(1).  Earth. 

Page 

20. 

True  anomaly  and  eccentric  anomaly 

are  connected  with  following  j 

equ. 

»  2arc  tg(]/y^tg 

(2.140) 

or 

(244r) 

1— 

Sometimes  for  describing  motion  of 

ISZ  is  used  auxiliary 

parameter,  called  mean  anomaly  ^cp-  Mean  anomaly  ^cp  is  determined  by 
the  value  of  arc,  which  the  satellite  after  the  passage  of  perigee 
would  describe,  if  it  moved  evenly  along  the  conditional  circular 
orbit  of  radius  a,  completing  the  complete  revolution  in  the  same 
time,  as  during  the  motion  along  the  elliptic  orbit. 
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Average/mean  angular  velocity  of  ISZ  during  its  predicted  motion 
alon^*  circular  orbit  indicated  will  be 

2n  630  , 

where  -  period  of  orbit  of  ISZ  along  elliptic  orbit.  Since  the 
motion  of  ISZ  along  the  conditional  circular  orbit  is  assiimed  to  be 
uniform,  it  is  possible  to  register 

(2.1.12) 

t«  here  corresponds  to  moment  of  time,  at  which  ISZ  passes 
perigee  point. 


Between  mean  anomaly  and  eccentric  anomaly  there  is  following 


relationship/ratio; 


E  —  ^cp+e  sin  -1-  sin  2f),p. 


(2.1.13) 


Let  us  now  move  on  to  determination  of  velocity  of  motion  of  ISZ 
from  elliptic  orbit.  From  the  formulas  in  [2.1]  we  obtain 

=  (2.1.14) 

Taking  into  account  that  for  apogee  of  orbit  cos^a=— 1,  for 

perigee  cosdn  =1.  let  us  find 


-0  =  '’-/® 


(2.1.15) 


Thus,  in  apogee  satellite  has  minimum  speed,  and  in  perigee  - 
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greatest.  Consequently,  during  the  use  of  ISZ  as  the  repeater  the 
velocity  of  the  motion  of  the  terrestrial  antenna,  which  tracks  for 
ISZ,  will  be  smallest  during  the  use  of  a  section  of  orbit  near  the 
apogee.  This  is  evident  from  the  graphs  Fig.  2.1.3,  which  are 
constructed  according  to  expression  (2.1.14)  for  values  of  e=0.1; 

0.5,  and  0.8.  Let  us  note  that  values  can  be  determined  according 

to  expression  (2.1.3)  during  replace  .ent  of  r  on  a. 

Page  21. 

All  given  above  formulas  determine  absolute  value  of  satellite 
velocity  in  circular  and  elliptic  orbits  without  taking  into  account 
motion  of  Earth.  The  satellite  velocity  relative  to  the  surface  of 
Earth  yt;,  will  be  equal  to  the  vector  difference 

v^  =  v'  —  ~v^, 

here  of  v^  -  projection  on  the  surface  of  the  Earth  the  velocity 
vector  of  satellite,  and  ^3  -  vector  of  the  linear  speed  of  daily 
rotation  of  that  point  in  the  Earth,  for  which  is  projected/designed 
the  satellite.  Value  v'  is  determined  from  formulas  (2.1.2)  and 
(2.1.14),  and  direction  is  located  through  the  location  of  satellite 
in  orbit  and  its  inclination.  Vector  y^  is  directed  along  the 
parallel  of  the  Earth  from  the  west  to  the  east,  and  its  value 
=  2n 6400 cos;  _  1.4cos5  km/s,  moreover  5  is  determined  the 

r,  24  60  60 

latitude  of  point  on  the  surface  of  the  Earth,  for  which  is 
projected/designed  the  satellite. 
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During  calculations  of  motion  of  satellites  according  to 
elliptic  orbits,  is  frequently  necessary  knovledge  of  distance  r 
between  satellite  and  center  of  Earth  (radius-vector).  P.adius-vector 
is  connected  with  the  orbital  parameters  with  following 
relationship/ratio  [2.1]  j 


'n  (*  +  d _ fA  (1~  e) 

l+ecos»  “■  l  +  <cosi) 


(2.1.16) 


Time  of  motion  of  satellite  of  one  point  of  orbit  into  another 
point  can  be  found  from  expression 

(2. 1.17) 

*  6,32.f0» 

Circling  time  of  satellite  is  determined  by  third  law  of  Kepler. 
Using  it,  let  us  find  the  circling  time  of  satellite  along  the 
elliptic  orbit  with  the  semimajor  axis  a 
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Fig.  2.1.3.  Dependence  of  velocity  with  different  value  of 
eccentricity  from  bottom  d. 

Page  22. 

Circling  times  of  satellite  and  are  called  sidereal  or 
star;  they  do  not  depend  on  motion  of  satellite  relative  to  Earth  and 
prove  to  be  identical  for  satellites,  which  move  at  one 
height/altitude  along  polar  and  equatorial  orbits.  The  circling  time 
of  satellite;  calculated  by  obsei’ver,  who  is  located  on  the  Earth, 
will  depend  on  the  parameters  of  orbit,  direction  of  the  motion  of 
satellite  relative  to  the  Earth  and  will  not  coincide  with  the 
sidereal  period.  This  difference  will  be  especially  sharp  for  the 
satellites,  which  move  along  the  equatorial  orbits. 

Circling  time  of  satellite  T  Earth  for  ground-based  observer  can 


be  found  from,  expression 
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Here  i  -  dip  angle,  and  Ten  ~  f'ircling  time  of  satellite, 
expressed  in  minutes  and  determined  by  expression  (2,1.6)  or 
(2.1.18).  Minus  sign  in  this  expression  relates  to  the  case,  when  the 
projection  of  the  velocity  vector  of  satellite  on  the  equatorial 
plane  coincides  in  the  direction  with  the  velocity  vector  of  the 
rotation  of  the  Earth;  otherv;ise  minus  sign  should  be  replaced  by 
plus  sign.  During  the  motion  of  satellites  along  the  circular 
equatorial  orbits  of  radius  r  in  the  direction  of  rotation  of  the 
Earth  we  will  obtain 


r  = 


/  J 

r  \3/3  1 

?  )  24-60 

T  \3/2 


1-5,86. 10- 


1-2 


(in 


(2.1.20) 

Relationships/ratios  between  rounded  by  orbit  altitude  and  value 
of  sidereal  and  observed  period  of  satellite,  which  moves  along 
circular  equatorial  orbit  in  direction  west-east  (i.e.  in  direction 
of  motion  of  Earth),  designed  according  to  expression  (2.1.20),  are 
given  in  “fable  2.1.2. 


As  already  mentioned,  during  motion  of  satellite  along 
equatorial  orbit  with  height/altitude  of  about  36000  km  in  direction 
of  rotation  of  Earth,  for  observer  in  Earth  satellite  will  seem 
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Table  2.1.2. 


nep«QA,  <ucu 

opCwm 

KM  ^ 
0) 

CMCpHieCXM* 

!  {  ^k) 

(n 

1700 

2.0 

2,18 

10  400 

6.0 

8,0 

14000 

8,0 

12,0 

20200 

12 

24 

Eecxoaeiuom, 
tax  xax  cnyrmuc 
CTaUHOMpMhlfl 

■36  000 

24,0 

Key:  (1).  Orbit  altitude  km.  (2).  Period,  hours.  (3).  sidereal.  (4). 
observed.  (5).  Infinity,  since  satellite,  stationary. 
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Comparison  of  starting/launching  of  satellites  in  elliptical  and 
circular  orbits  shows  that  removal  of  satellite  to  elliptic  orbits 
proves  to  be  more  simply  and  requires  smaller  expenditure  of  energy 
{fuel/propellant ) .  Furthermore,  with  the  identical  circling  times  of 
satellite  around  the  Earth  in  the  case  of  motion  along  the  circular 
and  elliptic  orbits  the  ratio  of  the  time  of  the  visibility  of 
satellite  from  the  Earth  to  the  circling  time  of  satellite  can  prove 
to  be  considerably  greater  during  the  motion  of  ISZ  along  the 
elliptic  orbits.  This  is  confirmed  by  Fig.  2.1.3.  Actually,  if  we 
take  r=a,  then  according  to  (2.1.6)  and  (2.1.18)  we  will  obtain 
The  curves^ of  Fig.  2.1.3,  show  that  with  an  increase  in 
eccentricity  e  the  satellite  velocity  in  the  field  of  view,  which  is 
Chosen  close  to  the  apogee  point  (for  example,  in  limits  of 
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120°<'&<240“ ) ,  will  be  considerably  less  than  the  satellite  velocity 
along  the  circular  orbit  with  a  radius  of  r=a  (for  circular  orbit 
e=0,—  =  1  and  it  does  not  depend  on  angle  •&).  Consequently,  the 
section  of  orbit  in  the  field  of  view  will  be  travelled  in  the 
smaller  interval  of  time  t  in  such  a  case,  when  satellite  moves  along 
the  circular  orbit.  Since  was  accepted  is  obvious  Thus, 

the  duration  of  period  of  communication  under  these  conditions  will 
be  greater  in  the  case  of  applying  the  elliptic  orbits. 

During  selection  of  orbit  altitude  and  hum  of  orbit  inclination 
one  should  take  into  account  that  on  heights/altitudes  approximately 
between  2000  km  and  20000  km  from  surface  of  Earth  in  region  of 
latitudes  of  ±60°  is  located  radiation  belt.  During  the  motion  of 
satellite  in  this  belt/zone  serious  disturbances/breakdowns  in  the 
work  of  onboard  radio-electronic  equipment  can  occur,  furthermore, 
during  the  motion  in  the  region  of  radiation  signal  level  on  the  line 
satellite  -  the  Earth  will  sharply  vary  even  during  one  revolution  of 
satellite,  which  will  require  more  complicated  receiving  and  antenna 
systems  on  the  Earth  and  on  board  ISZ. 

Greater  orbit  altitudes  have  advantage  with  respect  to 
scope/coverage  by  connection/communication  of  greater  areas;  quantity 
of  satellites,  required  for  realization  of  continuous 
connection/communication,  in  this  case  is  decreased.  However,  an 
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increase  in  altitude  of  orbits  causes  the  complication  of 
ground-based  and  installed  equipment.  Consequently,  the  selection  of 
orbit  altitude  must  be  produced  taking  into  account  many  factors. 

During  subsequent  analysis  of  communication  systems  through  ISZ, 
besides  previously  enxomerated  parameters,  which  characterize  position 
of  orbit  and  motion  of  satellites  relative  to  Earth,  it  is  expedient 
to  introduce  into  examination  following  (Fig.  2.1.4): 

-  ascending  node  of  orbit  (B  =  V)  -  point,  at  which  orbit 
intersects  equatorial  plane  upon  transfer  ISZ  from  southern 
hemisphere  into  north, 

-  descending  unit  of  orbit  (H  s  N)  -  point,  at  which  orbit 
intersects  equatorial  plane  upon  transfer  from  northern  hemisphere  to 
south, 

-  nodal  line  (BH  =  VN  )  -  line,  which  connects  ascending  and 
descending  units, 

-  projection  of  orbit  on  surface  of  Earth  -  A'B'II'H’  (A'B'P’N'). 
Page  24. 

Let  us  note  that  orbit  inclination  i,  determined  by  angle 
between  equatorial  plane  and  orbital  plane,  varies  from  zero  to 
±180°,  positive  values  corresponding  to  ascending  node,  and  negative 
-  descending. 


Parameters,  which  characterize  motion  of  satellite,  can  be 
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changed  under  effect  of  different  factors.  The  effect  of  the 
disturbances/perturbations,  caused  by  the  gravitational  fields  of  the 
sun  and  Moon,  first  of  all,  is  exhibited  in  change  in  altitude  of 
perigee,  which,  depending  on  the  location  of  orbit  relative  to  the 
sun  and  the  Moon,  can  be  reduced  or  increase  [2.1].  Finally,  the 
disturbances/perturbations,  caused  by  a  difference  in  the  form  of  the 
Earth  from  the  form  of  sphere,  change  the  orientation  of  orbit, 
leading  to  the  continuous  rotation  of  orbit  around  the  rotational 
axis  of  the  Earth  (precession  of  the  nodal  line  of  orbit  and  the 
rotation  of  line  of  apsides).  The  latter  causes  the  angular 
displacement  of  perigee  point  relative  to  the  ascending  node.  The 
precession  of  the  nodal  line  and  perigee  of  the  orbit  conversely 
proportional  to  semimajor  axis  is  proportional  to  eccentricity.  It  is 
interesting  to  note  that  the  procession  of  nodal  line  is  equal  to 
zero  for  the  orbit  with  inclination  i=90®,  and  with  i=63.5°  zero 
rotation  of  line  of  apsides  are  equal  to. 

Transit  of  satellite  relative  to  Earth  is  accepted  also  to 
characterize  by  projection  of  trajectory  of  motion  of  satellite  on 
surface  of  Earth,  i.e.,  by  geocentric  projection  of  trajectory.  The 
position  of  geocentric  projection  the  trajectories  of  the  motion  of 
satellite  or  geocentric  projection  of  satellite  orbit  path  are 
connected  with  the  elements  of  orbit  with  the  equality 


kSUSTS. 


where  $  -  the  instantaneous  value  of  the  geocentric  latitude  of 
satellite,  o'  -  the  total  angular  rate  of  rotation  of  the  Earth  and 
precession  of  orbit,  t  -  time  of  flight  of  ISZ  from  the  ascending 
node  of  orbit  to  the  point  in  question,  and  AX  is  determined  by 
difference  in  longitude  of  the  point  of  orbit  and  longitude/length  of 
ascending  node  Aa  in  question. 
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Fig.  2.1.4.  Elements  of  elliptic  orbit;  A  and  n  -  apoge?'  and  perigee, 
A  '  and  n  '  -  projection  A  and  n  on  surface  of  Earth;  B  and  H  - 
ascending  and  descending  units  of  orbit;  B  '  and  H  '  projection  B 
and  H  on  surface  of  Earth;  w  -  angular  distance  of  perigee  from 
ascending  node  ■6  -  true  anomaly,  i  -  orbit  inclination. 

Key;  (1).  Equator.  (2).  Orbit.  (3).  Earth. 

Page  25. 

From  expression  (2.1.21)  it  follows  that  geocentric  projection 
of  satellite  orbit  path  with  orbit  inclination,  equal  to  will 

contain  region  of  latitudes  from  ^=-i  to  $=+i.  Fig.  2.1.5  shows  the 
geocentric  projection  of  the  satellite  orbit  path,  which  moves  along 
the  circular  inclined  orbit  with  the  period  of  orbit  r,,— o.5  h  with 
value  of  i=30°.  Let  us  note  that  in  accordance  with  (2,1.21)  the 
amount  of  the  bias/displacement  of  the  geocentric  projection  of  each 
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siibsequent  satellite  orbit  path  on  the  longitude/length,  relative  to 
the  projection  of  the  previous  turn,  comprises 

consequently,  A?.n— A^„_i=(Os  r. 

Here  n  -  number  of  satellite  orbit  path,  and  T  -  orbital  period. 
Designating  AX„— AXn-t=6.  we  will  obtain 

6  =  o);7’.  (2.1.22) 

From  expression  (2.1.22)  it  follows  that  with  increase  in 
circling  time  of  satellite  bias/displacement  of  projection  of 
adjacent  turns  6  increases.  In  this  case,  taking  into  account  the 
direction  of  rotation  of  the  Earth,  it  is  possible  to  say  that  the 
projection  of  each  subsequent  turn  is  displaceo  to  the  west.  With 
7'=73=24  h  without  taki.ng  into  account  the  precession  of  orbit, 

6  =>>  aj'.^  z=~Ti=  2-.  During  the  prolonged  motion  of  the  satellite  of  the 
projection  of  many  turns  they  will  be  a  large  number  of  the 
"sinusoidal"  curves,  similar  to  those  shown  in  Fig.  2.1.5,  shifted 
value  6.  These  curves  with  the  long  time  of  observations  fill  entire 
region  of  latitudes  with  boundaries  of  i=±i. 

Let  us  note  that  in  the  case  of  moving  satellites  in  equatorial 
orbit  (i=0)  geocentric  projections  of  all  turns  will  coincide  with 
equator  of  Earth. 
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During  motion  of  satellites  along  polar  orbits  {i=n/2)  of 
projection  of  turns  they  will  contain  entire  region  of  latitudes  from 
north  to  south  pole.  In  this  case,  if  the  circling  time  of  satellite 
to  the  period  of  the  orbit  of  the  Earth,  projection  of  turns  will 
multiple  present  closed  curve.  The  latter  is  shown  in  Fig.  2.1.6  a  id 
2. 17  [2.10]  for  the  satellites,  which  move  along  the  polar  circular 
orbits  with  the  period  of  orbit  4  h  and  12  h  (orbit  altitude  with 

respect  to  6360  km  and  20200  km).  In  these  figures,  made  in  the  form 

of  polar  coordinate  grid  of  the  Earth,  the  projections  of  satellite 
orbit  paths  are  shown  and  their  numbering  is  given. 

Principle  of  construction  of  geocentric  projections  of  satellite 
orbit  paths  is  clarified  in  Appendix  1.  Let  us  note,  that  during  the 
motion  of  satellites  along  the  orbits  with  chis  low  altitude  that  the 

period  of  their  orbit  is  considerably  less  than  the  period  of  the 

orbit  of  the  Earth,  the  geocontric  projections  o..  che  satellite  orbit 
paths,  which  move  along  the  circular  and  elliptic  orbits  with  the 
identical  inclination,  will  barely  differ  from  each  other. 
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Fig.  2.1.5.  Projection  of  passes  of  satellite  with  i=30‘’. 

Page  27. 

During  motion  of  satellite  along  orbits  with  high  altitude,  when 
circling  time  of  satellite  proves  to  be  commensurate  with  period  of 
orbit  of  Earth,  geocentric  projections  of  satellite  orbit  paths, 
which  move  along  circular  and  elliptic  orbits,  will  considerably 
differ  from  each  other. 
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For  simplification  in  further  examination  of  special  features  of 
communication  systems  through  ISZ  it  is  expedient  to  introduce 
concept  of  orbital  surface,  by  which  we  will  understand  surface, 
motion  by  which  coincides  with  motion  of  Earth,  formed  by  traces  of 
turns  of  ISZ  for  long  time.  Thus,  during  the  motion  of  satellite 
along  the  circular  polar  orbits  with  a  height/altitude  H  orbital 
surface  will  be  the  sphere,  whose  radius  is  equal  to  a  radius  of 
orbit. 


During  motion  of  satellite  along  multiple-synchronous  polar 
orbits  orbital  surface  will  be  degenerated  into  group  of  lines, 
similar  to  those  shown  in  Fig.  2.1.6  and  2,1.7.  If  satellite  will 
move  along  the  equatorial  circular  or  elliptic  orbits,  orbital 
surface  will  degenerate  respectively  into  the  line,  which  is 
circle/circumference  or  ellipse,  lying/horizontal  at  are  equatorial 
the  plane,  and  in  the  case  of  stationary  satellite  orbital  surface  is 
degenerated  into  the  point,  which  is  located  in  equatorial  plane  and 
coincides  with  the  position  of  satellite  in  the  space. 
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Fig.  2.J.6.  Fig.  2.1.7. 

Fig.  2.1.6.  Projection  of  satellite  orbit  paths  with  i=90“  with 
period  of  4  h. 

Fig.  2.1,7.  Projection  of  satellite  orbit  paths  with  i=90®  with 
period  of  12  h. 

Page  28. 

During  motion  of  satellite  along  circular  orbits  with 
height/altitude  H  and  inclination,  equal  to  i,  orbital  surface  will 
be  determined  by  part  of  spherical  surface,  limited  by  planes  k’c" 
and  c'k"  (see  Fig.  2.1.8),  coordinate  of  latitude  of  which  is  equal 
to  5i  =  i®  N  and  $i=-i‘’  S  respectively. 

During  motion  of  satellite  along  elliptic  orbit  with  inclination 
(without  taking  into  account  disturbances/perturbations)  orbital 
surface  will  take  form  of  ellipsoid,  limited  by  planes,  coordinate  of 
latitude  of  which  is  equal  to  <;i  =  i®  N  and  $j="i°  S  respectively. 
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2.2.  Region  of  survey/ooverage  and  the  zone  of  coupling. 

For  determining  of  zone,  in  which  is  possible  observation  of 
satellite,  and  consequently  also  radio  communication  with  it,  let  us 
consider  Fig.  2.2.1,  where  three  terrestrial  stations  A,  B  and  Af 
which  are  located  in  plane  of  circular  orbit  of  satellite  with 
height/altitude  H,  are  shown.  We  will  consider  that  the  observation 
of  the  satellite,  which  moves  in  direction  CiCjC*,  from  the  stations 
A,  B  and  A  can  be  realized  not  from  t^e  lines  of  horizon,  which  for 
each  point/item  are  shown  by  dotted  line,  but  beginning  from  some 
angles  of  elevation  (occasionally  referred  to  as  angles  of 
elevation),  equal  to  /3. 

Thus,  region,  which  lies  proto-in  station  in  question,  limited 
by  lines  of  sight,  drawn  at  angles  fi  to  line  of  horizon,  can  be  named 
region  of  survey/coverage  or  radio  field  of  view  of  this  station.  For 
A  station  the  boundaries  of  the  region  of  survey/coverage,  which 
coincide  with  the  plane  of  drawing.  Fig,  2.2.1,  will  be  lines  ACi  and 
AC«. 


DOC  =  86120402 


PAGE  S' 


orbit. 

Key:  (1).  NL.  (2).  Orbital  plane.  (3). 


Orbital  surface. 


(4).  Equator. 


(5).  SL.  (6).  Earth. 


Page  29. 

for  the  station  H  of  one  of  the  boundaries  of  the  region  of 
survey/coverage  the  straight  line  AC«  is.  Thus,  the  establishment  of 
radio  communication  between  points/items  A  and  A  through  the 
satellite  possibly  only  then,  when  satellite  will  be  located  at  point 
C«,  i.e.,  when  it  will  prove  to  be  simultaneously  visible  from 
point/item  A  and  A.  Obvious  also  that  the  simultaneous  observation  of 
satellite  from  points/items  A  and  B,  arranged/located  on  the  closer 
distance  than  points/items  A  and  A»  it  is  possible  in  such  cases, 
whan  satellite  will  be  located  in  section  CjCjC*  of  orbit.  The 


boundaries  of  this  section  of  orbit  are  determined  by  the  mutual 
overlap  of  the  regions  of  the  survey/coverage  of  points/items  A  and 
B.  Therefore  it  is  possible  to  say  that  section  C2C3C4  of  orbit  is 
the  zone  of  the  simultaneous  connection/communication  of  satellite 
with  points/items  A  and  B  or  the  zone  of  the  coupling  of  points/items 
A  and  B  through  the  satellite.  In  accordance  with  this  the  zone  of 
the  coupling  of  points/items  A  and  fl,  will  be  determined  by  the  point 
of  contact  of  tangency  C*  of  the  regions  of  the  survey/coverage  of 
these  points/items.  Let  us  note  that  in  the  case  of  moving  the 
satellite  along  the  orbit  with  a  height/altitude  less  H,  the 
connection/communication  between  points/ items  A  and  A  to  scale  of 
single  time  will  generally  prove  to  be  impossible.  Thus,  for 
points/items  A  and  A  orbit  altitude  H  is  the  minimxam  height/altitude, 
at  which  is  still  possible  setting  connection/communication. 
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Key:  (1).  Orbit.  (2).  Earth. 

Page  30. 

For  points/items  A  and  B  the  minimum  orbit  altitude  of  satellite  H  ' 
is  determined  by  point  M,  at  which  intersect  the  boundary  lines  AC« 
and  BCj.  Let  us  find  the  geometric  relationships/ratios,  which 
characterize  the  communication  system  with  the  minimtmi  value  of  orbit 
altitude  H.  From  examination  AOAC«,  Fig.  2.2.1,  it  follows: 

Y  =  aresin|^.  rad,  {2.2.1>  | 

rad,  (2.2.2>  | 
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l  —  ^  AM  =  2aR,  KM,  (2-2.3) 

L  =  ACt  —  sin  a  sin  a,  km.  (2.2.4) 

liny  cosp 

Here  RS6400  km  -  radius  of  Earth. 

One  should  note  that  angle  2a  determines  angular  dimension  of 
region  of  survey/coverage  of  station,  and  value  l  is  equal  to  maximum 
distance  between  stations,  with  which  is  possible  setting 
connection/communication  during  motion  of  satellite  along  circular 
orbit  with  height/altitude  H.  The  greatest  distance  between  the 
station  and  the  satellite  is  determined  by  value  L,  and  angle  27 
characterizes  the  sizes/dimensions  of  the  region  of  survey/coverage 
from  the  satellite  during  its  motion  at  the  height/altitude  H, 

In  order  to  represent  order  of  magnitudes,  determined  by 
resulting  expressions,  in  Fig.  2.2.2  is  constructed  dependence  L,  / 
and  27  on  height/altitude  of  circular  orbit  H  with  value  of  angle  of 
elevation  /3=0. 

We  use  obtained  results  for  case  of  stationary  satellites.  In 
this  case,  after  taking  ^=5",  from  expression  (2.2.1)  let  us  find 
that  27=17®.  This  means  that  in  the  strictly  positive  seat  of  the 
antenna  of  satellite  in  the  space  the  expansion  of  the  antenna 
radiation  pattern  is  more  than  value  of  27=17®  inexpediently,  since 
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it  will  not  lead  to  an  increase  in  the  region  of  survey/coverage  from 
the  satellite.  Under  the  same  conditions  from  (2.2.2)  it  is  possible 
to  determine  that  a=90‘’-(8 . )  =  76. 5“ .  Consequently,  in  the 
communication  system  with  the  stationary  satellite  at  the  angle  of 
elevation  of  /3=5°  setting  connection/communication  with  any 
points/items,  which  lie  higher  than  76.5“  N  or  S  proves  to  be 
impossible.  For  the  realization  of  connection/communication  with  the 
points/items,  which  are  located  near  the  poles  of  the  Earth,  i.e., 
lying  it  is  higher  than  the  latitudes  indicated,  should  be  chosen 
inclined  or  polar  orbits. 
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Page  31. 

Fig.  2.2.3  shows  j Izes/dimensions  of  regions  of  survey/coverage 
of  satellites,  which  move  along  equatorial  orbits  with  different 
height/altitude,  for  angles  of  elevation,  equal  to  0  and  by  10®.  Fig. 
2.2.4  shows  a  change  in  the  regions  of  the  survey/coverage  of 
stationary  satellites  at  different  angles  of  elevation. 

Passing  to  more  detailed  examination  of  zone  of  mutual 
visibility,  let  us  turn  to  Fig.  2.2.5,  on  which  are  depicted 
terrestrial  stations  A  and  E  and  spherical  orbital  surface,  which 
corresponds  to  motion  of  satellites  along  circular  polar  orbits. 

We  will  consider  that  in  antennas  of  stations  A  and  B  very  narrow 
radiation  patterns,  and  antennas  can  be  directed  to  all  points  of 
spaces,  angles  of  elevation  of  which  exceed  certain  angle  /3. 

Therefore  the  antenna  A  station  can  be  directed  to  any  point  of  zone 
ki  of  orbital  surface,  and  the  antenna  of  station  B  -  at  any  point  of 
zone  Bi. 

Thus,  zone  Ai  and  Bi  -  region  of  survey/coverage  for  stations  A 
and  B.  Let  us  agree  to  call  the  zone,  common  to  for  several  regions 
of  survey/coverage,  the  zone  of  overlap;  Fig.  2.2.5  shows  it  by  dense 
shading.  That  part  of  the  zone  of  the  overlap  of  stations,  through 
which  is  passed  the  satellite,  can  be  the  zone  of  coupling.  As  it 
follows  from  the  following,  the  zone  of  overlap  and  the  zone  of 
coupling  (or  respectively  their  geocentric  projections)  sometimes. 
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substantially  are  distinguished  both  by  the  area  and  by  the  layout. 

Sizes/dimensions  of  zone  of  overlap  are  determined  by 
geographical  reference  of  stations  A  and  B,  and  also  by 
size. /dimensions  of  regions  of  survey/ coverage,  i.e.,  by  boundaries, 
in  limits  of  which  is  possible  and  is  expedient  displacement/movement 
of  ground-based  antennas.  During  the  motion  along  the  polar  orbits 
the  satellite  can  fall  into  any  point  of  spherical  surface;  therefore 
in  this  case  the  zone  of  overlap  is  simultaneously  and  the  zone  of 
coupling.  During  the  motion  of  satellite  along  the  orbit  with 
inclination  i  the  zone  of  coupling  can  prove  to  be  the  part  of  the 
zone  of  overlap.  Taking  into  account  the  aforesaid  in  the  examination 
of  Fig.  2.1.8,  we  will  obtain  that  with  orbit  inclination,  equal  i, 
the  zone  of  the  coupling  of  stations  A  and  B  will  be  determined  by  the 
figure  Pig.  2c 2. 5  in  the  form  of  spherical  triangle  abc,  whose  sides 
ac  and  be  define  the  boundaries  themselves  of  the  regions  of  the 
survey/coverage  of  stations  A  and  B,  and  side  ab  -  parallel  S=+i. 

Definition  of  zone  of  coupling  examined  is  correct  with 
undirected  receiving  and  transmitting  antennas  of  satellite  or  with 
very  wide  radiation  patterns.  In  the  case,  when  the  angle  0,  which 
characterizes  the  width  of  the  major  lobe/lug  of  the  radiation 
-  patterns  of  the  onboard  antennas,  proves  to  be  close  in  the  value  to 

angles  2Yt.  2y2, . 2Yn  (at  which  terrestrial  stations  "are  visible"  from 

the  satellite,  which  is  located  at  different  points  on  the  boundaries 
of  the  zone  of  overlap,  see  Fig.  2.2.1),  for  the  definition  of  the 
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zone  of  coupling  it  is  necessary  to  consider,  besides  ©,  and  the 
angle,  which  characterizes  error  in  the  orientation  of  onboard 
antennas  relative  to  terrestrial  stations. 


Fig.  2.2.3.  Change  of  reg'.on  of  survey/coverage  in  dependence  on 
height/altitude  of  satellite  [3.3]. 
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Fig.  2.2.4.  Map/chart  of  zone,  operated  by  stationary  satellite,  at 
different  angles  of  elevation  [3.3]. 
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It  is  obvious  that  in  these  cases  the  zone  of  coupling  decreases  in 
the  sii;es/dimensions  and  it  will  differ  significantly  from  the  zone  of 
overlap. 


With  following  presentation  we  will  count  width  of  radiation 


pattern  of  on-board  antennas  to  be  so  large  that  taking  into  account 
errors  in  orientation  it  exceeds  values  of  angles  2yi.  2y2,.,..,2y„  on 
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boundaries  of  the  region  of  survey/coverage.  This  means  that  the 
antenna  of  satellite  contains  terrestrial  stations  of  all  points  of 
that  part  of  the  zone  of  overlap,  in  which  can  be  located  the 
satellite. 


I  Determination  of  analytical  expression,  which  determines 

i  coordinates  of  zone  of  coupling  or  by  its  geocentric  of  projections, 

I  sufficiently  labor-consuming  problem.  Expressions  obtained  in  this 

I  case  are  bulky  and  inconvenient  for  the  practical  use. 

r 


> 

i 


For  determining  geocentric  projection  of  zone  of  coupling  it  is 
most  expedient  to  use  the  graphic  method.  Let  us  consider  the  order 
of  construction.  First  on  the  globe  or  the  map/chart  around  each 
station  the  geocentric  projections  of  the  regions  of  survey/coverage 
will  be  plotted.  The  latter  are  circles  with  radius  r^,  which  can  be 
found  in  accor-  ice  with  Fig.  2.2.1  from  the  expression 

r,  =  a 

Substituting  expressions  (2.2.2)  and  (2.2.1)  we  will  obtain 


(2.2.5) 
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Fig.  2.2.5.  Region  of  mutual  visibility. 

Key;  (1).  Parallel  of  NL.  (2).  Zone  of  overlap.  (3).  Zone. 
(4).  Equatorial  plane  (parallel  with  latitude  of  0®).  (5).  Earth. 

(6).  Orbital  surface.  (7).  Parallel  with  ^®  SL. 

Page  35. 


Let  us  note  that  during  plotting  of  projections  of  regions  of 
survey/coverage  on  geographical  maps/charts,  it  is  necessary  to 
consider  scale  change  in  different  sections  of  map/chart,  caused  by 
special  features  of  projection,  accepted  during  its  compilation. 

After  the  projections  of  the  regions  of  survey/coverage  are  replaced, 
on  the  figure,  formed  by  the  mutual  overlap  of  several  £ones  of 
survey/coverage,  are  noted  two  parallels,  whose  latitude  is  equal  to 
the  dip  angle  of  orbit.  The  region,  which  lies  within  the  projection 
of  the  region  of  the  overlap  and  the  parallels  indicated,  will  be  the 
geocentric  projection  of  the  zone  of  coupling. 
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Fig.  2,2.6.  Geocentric  projections  of  zones  of  coupling. 


Page  36. 

As  example  Fig.  2.2.6  shows  geocentric  projections  of  regions  of 
survey/coverage  for  stations  A  and  B  and  A  '  and  B'.  For  the 
satellite,  which  moves  along  the  polar  orbit  by  the  geocentric 
projections  of  the  zone  of  coupling,  there  will  be  regions  mcnpdq  and 
m'n’p'q’j  for  the  sate.llite,  which  moves  along  the  orbit  with 
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inclination  i,  shaded  regions. 

During  motion  of  satellite  in  equatorial  orbit  geocentric 
projection  of  any  satellite  orbit  path  will  coincide  with  equator. 
Hence  follows  that  if  the  geocentric  projection  of  the  zone  of  overlap 
does  not  contain  equator,  the  connection/communication  of  the  stations 
through  a  satellite  which  moves  along  equatorial  orbits,  it  is 
impossible  at  any  orbit  altitude.  To  this  case  corresponds  an  example 
a' stations  and  B’,  Fig.  2.2.6. 

On  geocentric  projections  of  zones  of  mutual  visibility  they  can 
be  replaced  to  projection  of  turns,  along  which  moves  satellite. 

Taking  into  account  expression  (2.1.22)  and  Fig.  2.1.5,  it  is  possible 
to  say  that  the  projections  of  turns  in  the  geocentric  projection  of 
the  zone  of  coupling  take  the  form  Fig.  2.2.7  and  2.2.8.  Let  us  note 
that  if  the  circling  time  of  satellite  is  not  multiple  to  the  period 
of  the  orbit  of  the  Earth  or  if  satellite  moves  not  along  the 
equatorial  orbits,  then  with  the  sufficiently  large  duration  of  the 
time  of  the  observation  of  the  projection  of  the  ascending  sections  of 
turns  (or  the  analogously  descending  turns)  they  will  completely  fill 
the  zone  of  coupling. 


* 
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Fig.  2.2.7. 


SjtBamop 


Fig.  2.2.8. 


Fig.  2.2.7.  Geocentric  projections  of  satellite  orbit  paths  with 
orbit  with  inclination. 

Key:  (1).  Boundaries  of  the  projections  of  the  regions  of 

survey/coverage.  (2).  Equator. 


Fig.  2.2.8.  Geocentric  projections  of  satellite  orbit  paths  with 
orbit  with  inclination. 

Key:  (1).  Boundaries  of  the  projections  of  the  regions  of 

survey/coverage.  (2).  Equator. 
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2.3.  Duration  and  the  probability  of  periods  of  communication. 
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Duration  of  period  of  communication  A/.u  between  two  terrestrial 
stations  is  determined  time  interval,  during  which  satellite  passes 
zone  of  coupling.  During  the  motion  of  satellite  along  the  circular 
orbit  the  speed  of  its  motion  is  constant,  consequently,  the  duration 
of  period  of  communication  during  one  circling  time  of  satellite  will 
be  determined  by  the  extent  of  that  part  of  the  turn,  which  is  located 
in  the  zone  of  coupling. 


Taking  into  account  Fig.  2.2.7  and  2.2.8,  it  is  possible  to  say 
that  for  each  circling  time  of  satellite  along  inclined  or  polar  orbit 
extent  of  that  part  of  turn,  which  falls  into  zone  of  mutual 
visibility,  will  different  and  vary  from  zero  (when  turn  does  not  pass 
through  zone  of  coupling)  to  certain  maximum  value  In  accordance 

with  this  the  duration  of  period  of  communication  will  also  vary  from 
zero  to  the  certain  maximum  value 

_/cji«te_  (2.3.1) 


AL 


here  -  the  satellite  velocity.  In  the  case  of  the  circular  orbit 


A/. 


MdKC  R  +  II 


R 


(2.3.2) 


Here  -  extent  of  geocentric  projection  of  turni^v  During  the 

motion  of  satellite  along  the  equatorial  orbit,  and  also  along  a 
repeatedly  synchronous  inclined  or  polar  orbit,  the  trajectory  of  the 
motion  of  satellite  in  the  space  they  will  coincide.  Therefore  '^alue 
will  prove  to  be  identical  for  each  period  of  orbit  (for  each 
turn). 
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Duration  of  period  of  conununication  A/cu  on  any  turn  can  be 
determined  according  to  expression 

,  (2.3.3) 

V  V  R 

where  k  or  /j  they  find  graphically  through  extent  of  part  of  turn  in 
zone  of  coupling  or  its  geocentric  projection  in  projection  of  this 
zone. 


During  motion  of  satellite  along  circular  orbit  y=y,c  it  is 
constant.  During  the  motion  of  satellite  along  the  elliptic  orbit  its 
speed  V  is  changed;  therefore  its  value  in  the  zone  of  coupling  will 
depend  on  the  position  of  this  zone  relative  to  perigee. 

Page  38. 

Together  with  parameter  A/c»hukc  important  characteristics  of 
system  of  connection/communication  through  ISZ  -  average/mean  value  of 
probability  of  connection/ communication  at  use  of  one  satellite  in 
prolonged  period  of  observation  Tu-  The  value  indicated  can  be  found 
from  the  expression 

pd)  -  ^  .  (2-3-4) 

Here  -  indicates  total  time  of  duration  of  all  periods  of 

communication  for  time  Tn,  which  considerably  exceeds  circling  time  of 
satellite. 
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For  determination  of  tax  we  will  use  Fig.  2.3.1.  Are  here  shown 

turns,  on  which  the  satellite  moves  in  the  zone  of  coupling.  With  the 

long  time  of  observation  the  turns  will  evenly  cover/coat  the  zone  of 

coupling,  moreover  the  distance  between  the  nearest  turns,  measured 

along  the  parallel,  is  equal  to  6.  Let  us  isolate  in  the  zone  of 

coupling  along  one  of  the  parallels  with  latitude  ta  the  elementary 

strip  with  an  extent  of  A(p(Ca)  and  angular  dimension  da.  Then  in  the 

limits  of  this  strip  the  extent  of  the  part  of  turn  /=(R+H)da,  and 

number  of  turns,  which  evenly  cover/coat  this  strip  n=  . 

5 

Consequently,  the  time,  during  which  the  satellite  is  v:thin  the 
limits  of  the  chosen  strip, 

A  /„  =  —  =  «  .  (2.3.5) 

"  0  0  6  V 

In  limit,  with  very  long  time  of  observation,  turns  will  fill 


entire  zone  of  coupling. 


PAGE 
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Fig.  2.3.1.  Determination  of  probability  of  coupli..g. 
Key:  (1).  Parallel.  (2).  Turns. 
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Consequently,  the  total  time,  during  which  the  satellite  will  pass 
this  zone,  being  located  only  on  those  ascending  or  only  in  the 
descending  sections  of  turns,  will  be  determined  by  the  area  of  zone, 

i  .e. 


A/. 


cai; 


aKJ 

_  {■  A(})(C)/?  +  // 


=  J 


da. 


aKO 


(2.3.6) 


Here  A<p  ($)  -  function,  which  determines  change  in  extent  of  zone 
of  mutual  visibility  along  parallels,  which  are  located  on  latitudes 
with  coordinates  $.  Let  us  note  that  values  a  and  ^  are  connected 
with  a  certain  function,  examined  in  2.  Integration  limits 

must  be  undertaken  on  the  angle  a,  which  corresponds  to  a  change  in 
the  latitude  from  to 
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If  we  consider  only  ascending  (or  only  descending)  sections  of 
projections  of  turns,  it  is  possible  to  draw  conclusion  that  they  will 
cross  half  of  equator.  If  angular  distance  between  adjacent  turns  is 
equal  6^,  then  number  of  intersections  of  equator  with  the  projections 
of  the  ascending  (or  descending)  sections  of  turns  will  comprise 
ni-ir/8i.  We  will  consider  that  the  duration  of  one  period  of 
revolution  of  satellite  is  equal  to  T,  then  the  time  of  the 
observation 


Substituting  latter/last  two  expressions  in  (2.3.4),  let  us  find 


aCt) 


I*  ^  ”  A  /y\  -1 

\  - -  A®  (C)  d  a 

J  o 
p{\)  =  «<i>L 


nT 


(2.3.8) 


Expression  (2.3.8)  is  correct  for  orbits  of  different  form.  In 
the  case  of  the  elliptic  orbits  of  value  v  and  H  it  follows  to 
consider  it  different  in  the  different  sections  of  the  zone  of 
coupling. 


For  circular  orbits  periods  of  orbit  r=7’„.  and  values  H  and 
v=Uk  are  constant  and  therefore  they  can  be  carried  out  as  integral 
sign.  Taking  into  account  expression  (2.1.4),  and  also  that  r=R+H, 
for  the  circular  orbit  we  will  obtain 


o  (;»> 


A>k(1)  =  -^J’  A(p(;)da. 


(2.3.9) 


“(m) 
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After  using  results  of  appendix  2,  let  us  replace  angular 
dimension  of  da  with  angular  dimension,  calculated  along  meridian  d$. 
After  the  substitution  of  expression  (n.2.7)  instead  of  (2.3.9)  we 
will  obtain 


Aq;>(C)coa(OdC 
—  sin*  C 


(2.3.10) 
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Here  $1  and  -  in  accordance  with  Fig.  2.3.1  -  limiting  values 
of  latitudes  on  edges  of  zone  of  coupling  or  its  geocentric 
projection,  and  i  -•  orbit  inclination  of  satellite.  If  satellite 
moves  along  the  equatorial  orbit  i=0,  value  A<p  (5)=A{Po  is  determined 
by  the  segment  of  equator  in  the  zone  of  coupling.  In  this  case  we 
will  obtain 

Ad)-^.  (2-3.11) 

Let  us  note  that  with  Si«=-i  and  Sj  =  i,  expression  (2.3.10)  leads 
to  uncertainty/indeterminacy. 


Calculation  of  integral  (2.3.10)  in  first  case  can  be  carried  out 
in  accordance  with  application/Xppendix  2  on  formula 

pn)^±'^‘T  +  (2-3.12) 

'  2na  J  Y  sin*  i  —  sin»  C 

where  A  and  B  coefficients,  which  depend  on  dip  angle  i  and  determined 
according  to  graphs  Fig.  2.3.2. 
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One  should  note  that  value  p(l)  can  be  defined  not  only  as 
average/mean  value  of  probability  of  connect ion/communi cat  ion  during 
wide  interval  of  time  of  observations,  but  also  as  ratio  of - 
average/mean  value  of  time  of  connection/communication  to  circling 
time  of  satellite  around  Earth.  The  latter  follows  from  the 
substitution  of  expression  (2.3.7)  in  (2.3.4^;  actually,  with  this 
substitution 

(2.3.13) 
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Fig.  2.3.2.  Values  of  coefficients  of  A  and  B  from  orbit  inclination. 
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Furthermore,  taking  into  account  that  in  circular  orbits  the  satellite 
velocity  is  constant,  after  the  multiplication  of  nximerator  and 
denominator  of  latter/last  expression  on  y,,  we  obtain 


p(i)  = 


I a  cpt'K  _  ^c»  cP 

T«Vk  ^ 


(2.3.14) 


where  /men  “  the  mean  pathlength  of  satellite  in  the  zone  of  coupling, 
and  [■~TKVK—2n(R  +  M)  -  extent  of  the  circular  orbit  of  satellite. 

Thus,  on  the  bf.sis  (2.3.14)  value  pCl)  characterizes  the  ratio  of  the 
average/mean  path,  passed  by  satellite  in  the  zone  of  coupling,  to  the 
extent  of  orbit. 


Consider  nuitiber  of  works  is  devoted  to  determination  of  value 
p„(l).  Thus,  for  example,  in  article  [2.6]  is  given  the  following 
expression  for  determination  Pnd)  during  the  motion  of  sateilites  from 
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the  polar  orbits  of  radius  r=R+H,  when  )3=0: 

Pk(1)-=—  — arcsinal  ; 

n  I  2  J 


(2.3.15) 


(j  _  j?  sec  9  sec^  9-f  Y  (r  tg  6)»  (tg»  0  +  sec*  ip)  —  (/?  sec  9  tg  B  sec  y)* 

(sec*  (p  +  tg*  B)  /■ 


All  values  entering  this  expression,  are  shown  in  Fig.  2.3.3, 
moreover  20  is  determined  angle,  at  which  intersect  planes,  tangents 
to  surface  of  Earth  in  locations  of  stations  A  and  B. 
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Fig.  2.3.3.  Fig.  2.3.4. 

Fig.  2.3.3.  To  determination  of  region  of  mutual  visibility. 

Fig.  2.3.4.  Dependence  /j„(i)  on  distance  between  terrestrial  points. 

fO  C-\rViowsAir\cl5  af 

Page  42. 

Solution  of  this  expression  for  orbits  height/altitude  of  2800 
km,  9200  km  and  37000  km  is  given  in  Fig.  2.j.%  as  dependence  pu(l)  on 
distance  between  points/items  A  end  B. 

Character  of  change  in  value  phfi)  at  different  angles  of 
elevation  is  ^'isiblt  based  on  example,  line  of  communications 
Maine-London  (Fig.  2.3.5  [2.7])  with  extent  about  6000  km,  passing 
almost  along  50"  N.  This  calculation  is  carried  out  for  the 
satellite,  which  moves  along  the  polar  circular  orbit  with  a  •— 
heigh<-/altitude  of  11000  km. 
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Fig.  2.3.5.  Dependence  p«(1)  on  angle  of  elevation; 
H=11000  km,  route  -  almost  parallel  to  50®  N,  extent 
6000  km. 


orbit  polar 
of  approximately 


Fig.  2.3.6.  To  determination  of  optimum  inclination. 
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Fig.  2.3.7.  Fig.  2.3.8. 

Fig.  2.3.7.  Determination  of  optimum  inclination. 

Fig.  2.3.8.  Value  p«  (!)  with  distance  between  points/items  4000  km. 
Key:  (1).  Distance  between  the  points/items  4000  km. 

Page  43. 

Very  careful  calculations  PiA\)  for  circular  orbits  with 
height/altitude  of  1800-9000  Ian  in  t;je  case  of  routes  of  different 
extent  and  differently  arranged/located  relative  to  orbital  plane  are 
carried  out  in  works  [2.8,  2.3].  The  results  of  work  [2.8]  are  given 
in  Table  2.3.1  for  different  location  of  route  and  orbit  inclination. 
During  calculations  of  Table  2.3.1  orbit  altitude  is  considered  equal 
to  9000  km,  the  distance  between  the  message  centers  over  the  surface 
of  the  Earth  -  5000  km,  the  angle  of  elevation  of  ^3=5®.  Line  the 
connect ions/communicat ions  of  different  direction,  given  in  Table 
2.3.1  under  nvmbers  1.1-1. 5,  are  clarified  by  Fig.  2.3.6,  and  the 
lines  of  communications  2. 1-2. 5  -  Fig.  2.3.7. 
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Fig.  2.3.8  and  2.3.9  give  results  of  calculating  dependence  Pk(1) 
on  height/altitude  of  circular  orbits  with  inclination  0,  65  and  90° 
for  case,  when  both  points/items  of  route  are  arranged/located  on  56° 

N  and  at  a  distance  of  4000  km  (Fig.  2.3.8)  and  8000  km  (Fig.  2.3.9) 
from  each  other.  On  the  basis  of  Table  2.3.1  and  Fig.  2.3.8  it  is 
possible  to  draw  the  general/common  conclusion:  the  optimum  value  of 
orbit  inclination  is  determined  by  the  location  of  route  relative  to 
the  zone  of  overlap.  For  those  stations,  the  zones  of  overlap  of  which 
are  located  predominantly  in  equatorial  regions,  optimum  orbit  will 
have  an  inclination,  equal  to  zero,  when  the  zone  of  coupling  is 
distant  from  the  equator,  optimum  orbit  it  will  be  polar. 
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Table  2.3.1. 


’  JIU* 

'2^  yroji  Me)KAy 

-  JIHIlMCfl  C81UK 

i 

HUM 

M  MCMTOpOU 

1 

1.1 

-90 

0 

0.24 

45 

0.16 

90 

0.10 

1.2 

-60 

0 

0.20 

45 

0.15 

90 

0,10 

1.3 

0 

0 

0,06 

45 

0,11 

90 

0,20 

1.4 

60 

0 

0 

45 

0,10 

90 

0,21 

1.5 

90 

0 

0 

45 

0,11 

90 

0,22 

2.1 

•  -90 

0 

0.3 

45 

0,14 

90 

0,10 

2.2 

-60 

0 

0,25 

45 

0,15 

90 

0,09 

2.3 

0 

0 

0,19 

45 

0,15 

90 

0,10 

2.4 

,  60 

0 

0,16 

45 

0,14 

90 

0,11 

2.5 

90 

0 

0 

45 

0,15 

90 

0,11 

Key ;  ( 1 ) 


line,  (2) 


Angle  between  line  of  conununi  cat  ions  and 


equator 


Fig.  2.3.9.  Value  p*  (t)  with  distance  between  points/items  8000  km. 
Key:  (1).  Distance  between  the  points/ items  8000  km. 

Page  44. 

Now  let  us  determine  number  of  satellites  n,  necessary  for 
providing  connect ion/communi cat ion  during  assigned  part  of  m  of  total 
time  of  observations  In  this  case  we  will  consider  that  the  total 
time  is  sufficiently  great  (Th'>T,  where  T  -  circling  time  of 
satellite),  and  satellites  are  distributed  in  the  space  according  to 
the  random  law.  It  is  obvious  that  in  the  zone  of  overlap  at  some 
moments  of  time  simultaneously  can  be  observed  one  or  several 
satellites,  and  at  other  moments  of  time  -  one. 


Since  p{l)  is  determined  average/mean  value  of  probability  of 
determination  of  one  satellite  in  zone  of  overlao  for  time  F,,,  it  is 
possible  to  say  that  average/mean  value  of  probability  of  fact  that  in 
zone  of  overlap  for  the  same  time  it  will  be  not  one  satellite,  is 
equal 


<?(!)=  l-p{l). 


(2.3.16) 
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Taking  into  account  random  distribution  in  spsice  of  n  satellites, 
and  also  independence  of  their  appearance  in  region  of  overlap,  let  us 
find  probability  of  fact  that  none  of  these  satellites  is  located  in 
region  of  overlap.  This  probability 

q(n)  =  [l-p{l)r .  (2.3.17) 


It  is  obvious  that  probability  q(n)  will  determine  that  part  of 
time  Tio  during  which  connect  ion/communication  between  points/items 
will  be  absent,  i.e. 


1 — /7i  =  9(/i)  =  [1— p(l)r  •  (2.3.18) 


Hence  let  us  find  necessary  number  of  satellites,  with  which 
connection/communication  will  be  provided  during  assigned  part  of  m  of 
total  time 


Ig(l-w) 

igli-P(i)J ' 


(2.3.19) 


Fig.  2.3.10  gives  graphic  dependences,  calculated  according  to 
expression  (2.3.19). 


From  expression  (2.3.18)  it  follows  also  that  part  of  time, 
during  which  connection/communication  is  ensured,  at  least,  through 
one  satellite, 

m,=  l-ll-P(l)r  •  (2-3.20) 


Determination  of  dependence  of  value  m  with  increase  in  number  of 
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satellites  is  of  interest.  This  dependence,  calculated  according  to 
expression  (2.3.20)  when  for  a  certain  value  of  n  value  m„=0,9,  i^ 
given  in  the  form  of  Table  2.3.2. 

Let  us  determine  now  probability  that  part  of  time,  duting  which 
in  region  of  overlap  is  more  than  k  will  be  simultaneously  foiind  from 
n  satellites,  if  probability  of  determination  is  this  region  of  one 
satellite  (any  of  number  n)  is  known  and  equal  to  p{l)=pi. 

Page  45. 

For  solving  this  question  should  be  used  theorem  about  repetition 
of  experiments  [2.9].  From  it  it  follows  that  the;  probability  of 
appearance  in  the  region  of  overlap  d  from  n  satellites 

Here  Ci  = - - -  is  determined  number  of  combinations  of  n 

"  — d)l 

elements  on  d,  moreover  c‘ =  n,  ftnd  €"  =  6°  =  I- 

Consequently,  probability  of  appearance  in  region  of  overlapping 
number  if  satellites  is  less  than  value  k 

o{d<k)^  +  p^_^  -h  ..  A  Pi=^'  ^  Cl  p{(\-p,r-i .  (2.3.22) 

1-1 

If  we  take  into  account  also  that  probability  of  absence  in 
region  of  overlapping  at  least  one  of  n  satellites  is  determined  by 
expression  (2.3.17),  it  is  possible  to  find  probability  of  the 
presence  in  region  of  overlap  of  k  or  more  satellites  with  their  total 


w 
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^  f; 


number  being  n.  tt  is  obviojo®  th®t  this  probability  will  also 
determine  probability  /”•  o^  tbe  reafLization  of  the 
connection/communi cation  threm^  Jr  or  larger  number  of  satellites, 
Thus ,  upon  consider-at  ion  uf  explosions  (2.3. 17  and  (2.3.22) 

/7i^  =  1— '[p^f£t<  A)H-^^if(s)J— I  —  V  Cj.pi  O — Pi)'*  (2.3.23) 

/-o 


Taking  into  aocount  relationship/rat io  (2.3.SS),  for  different 
values  of  Pi  it  is  possible  to  construct  dependence  mh  on  probability 
of  realization  of  connect  ion/ communication  at  least  through  one 
satellite  m^. 


I 
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Table  2.3.2. 


- 

HucJio  cnyTUHKOt 

n 

2n 

3a 

4a 

HacTb  apeMeHH  m, 
B  TSHeme  koto- 
poA  oCecneqHBaer- 

Cfl  CBflSb 

0,9 

0,99 

0,999 

0,9999 

Key:  (1).  Nxjonber  of  satellites.  (2).  Part  of  time  m,  during  which 

is  ensured  connect ion/communi cat  ion. 


Fig.  2.3.10.  Nxamber  of  satellites,  which  ensure  assigned  reliability 
of  connect ion/communicat ion  m. 
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Thus,  value  characterizes  that  part  of  the  time,  during  which  in 
the  system  of  the  n  satellites  is  possible  the  redundancy  of  the 
connection/communication  through  k  or  larger  nximber  of  satellites, 
which  are  located  in  the  region  of  coupling.. 


Calculations  /«,,  as  functions  m^  with  pi=p(l)=0.18  are  given  in 
Fig.  2.3.11.  As  it  is  noted  in  [2.7],  with  change  p(l)  within  some 
limits  value  nth  is  changed  insignificantly;  therefore  the  dependences 
Fig.  2.3.11  it  is  possible  to  use  when  0 . 05Sp(l ) <0 . 3 . 
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Fig.  2.2.11.  Dependence  of  «*  on  mi  with  number  of  satellites  k  in 
zone  of  mutual  visibility. 
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Chapter  3. 

Signal  level  at  the  input  of  receiver. 

3.1.  Initial  positions. 

Indices  of  communication  systems,  which  use  IS2,  are  to  a 
considerable  extent  determined  by  ratio  of  signal  level  to  noise  at 
the  input  of  receiver.  Correct  selection  of  this  relation  upon 
consideration  of  its  possible  changes  -  one  of  the  fundamental 
factors,  which  determine  the  technical-economic  effectiveness  of  the 
communication  system,  and  also  its  noise  immunity  and  reliability.  Let 
us  examine  the  schematic  of  the  channel  of  communication  (with  extent 
of  L)  of  Fig.  3.1.1,  in  which  are  shown  the  transmitter  11,  receiver 
np,  transmitting  and  receiving  antennas  An  and  i4„p,  characterized  by 
effective  surfaces  5an  and  5,0?  and  maximum  values  of  amplification 
factor  with  respect  to  isotropic  emitter  Gn  and  Gnp  (taking  into 
account  the  effect  of  fairing). 


Antennas  are  connected  with  receiver  and  transmitter  by  feeders 
</>n  and  0„p  through  filters  4>  (band  or  separating),  efficiency  of 

filters  and  attenuation  of  filters  are  designated  through 
respectively.  Attenuation  of  the  signal  in  the  communications  sec’:..Gn 
considering  the  antenna  isotropic  (not  directed)  is  designated  by  1 
In  this  figure  Pa  defines  the  power  output  of  the  transmitter  ana  P„p 
-  the  power  of  the  signal  at  the  receiver  input.  Besides  the  sign-ti, 
interference  and  noise  act  at  the  input  of  the  receiver,  the  powers  .  ti 
these  are  Px  and  P^  ,  respectively. 
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Fig.  3.1.1.  Schematic  of  communication  channel. 
Page  48. 


Let  us  designate  by  symbols  without  index  of  "0"  absolute  power 
coefficients  (W)  and  attenuation  length  either  amplification  (nimiber 
of  times),  and  by  symbols  with  index  ”0"  -  power  levels  relative  to 
one  W  (dBW)  and  attenuation  length  or  amplifications,  expressed  in  dB. 
Then  for  the  channel  of  communication,  Fig.  3.1.1,  the  power  of  signal 


at  the  input  of  receiver  can  be  found  from  the  relationships/ratios: 


5, 


(®)  Gnp  (®)  'fno* 


(3.1.1) 

(3.1.2) 


Ponjt  —  Poa  -^OS,  (3.1.3) 

fifls  =  ^0  I^on  (Q)  +  Go  np  (®)]  +  +  Sflilip  +  -IWnp — 'CnoJi,(3»l -4) 


"o*  —  „ 

<1* 


*0*  ' 
“^Bp  ^np  ’’^np  ’Ia 


(3.1.5) 


(3.1.6) 


Hero  -  total  weakening  of  signal  between  output  of  transmitter 
and  input  of  receiver; 

0  -  angle  between  direction  of  maximum  gain  and  direction  to 
correspondent  (Fig.  3.1.2); 
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Knon  -  value  of  polarizat ion&l  losses,  caused  by  nonidentity  of 
polar izational  characteristics  of  antennas  and  by  change  in  plane  of 
polarization,  caused  by  Faraday  effect. 


Below,  in  Section  3.2,  we  examine  the  reasons  for  weakening  of 
signal  in  free  space;  in  Section  3.3  fundamental  parameters  of 
antennas  are  given,  and  in  Section  3.4  polarizstional  losses  taking 
into  account  Faraday  effect  are  determined.  The  attenuation  of  filter 
bet  depends  noi  only  on  its  construction/design  and  conductivity  of 
material,  from  which  it  is  prepared,  but  also  from  the  tuning 
precision  of  filter  to  the  band  of  signal  frequencies;  in  Section  3.5 
the  determination  of  drift,  caused  by  the  Doppler  effect,  is  given. 

Let  us  note  that  during  determination  of  si^d  it  is  necessary 
to  also  consider  frequency  stability  of  transmitter. 
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Fig.  3.1.2.  Determination  of  angle  ©. 

Key:  (1).  Maximum  emission.  (2).  Direction  to  correspondent. 
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3.2.  Weakening  signal  in  the  section  between  the  antennas. 

Total  weakening  B  of  signal  in  section  of 
connect ion/communi cat  ion  with  passage  from  transmitting  to  receiving 
antenna  is  determined  by  expression 

B  =  or  „  +  B«..  (3.2.1) 

Here  Bcb  -  weakening  signal  with  the  passage  of  free  space,  when  as 
the  transmitting  and  receiving  antenna  hypothetical  isotropic  emitters 
are  examined,  and  Ba  -  fading  signal  in  transit  through  the  Earth's 
atmosphere,  moreover  Bcs>Sa.  One  should  note  that  expression  (3.2.1) 
does  not  consider  signal  fading  during  the  propagation,  since  usually 
in  the  communication  systems  through  ISZ  with  the  work  with 
comparatively  large  angles  of  elevation  of  fading  virtually  they  are 
absent.  The  latter  is  confirmed  by  the  comparison  of  the  theoretical 
and  experimental  values  of  signal  levels. 
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Value  5cb  can  be  determined  on  formula 

(3-2.2) 

Here  L  -  distance  between  antennas,  m, 

X  -  wavelength,  m. 

Let  us  switch  over  to  determination  of  value  Bi-  With  the  passage 
of  the  radio  waves  through  the  atmosphere  it  is  necessary  to  consider 
the  absorption  of  their  energy  by  the  atmosphere  in  the  absence  of 
precipitation  B\  and  absorption,  caused  by  precipitation,  fl;  .  Thus, 
or  passing  to  decibels  As  is  known,  the 

atmosphere  possesses  the  frequency-dependent  properties:  the 
oscillations/vibrations  of  some  frequencies  noticeably  are 
weakened/attenuated.  The  theoretical  dependence  of  attenuation  in 
the  atmosphere  on  the  frequency  in  the  absence  of  precipitation  has 
two  sharply  pronounced  maximums  [3.1].  The  first,  at  frequencies  of 
around  22  GHz,  is  explained  by  resonance  absorption  in  the  water 
vapors,  and  the  second,  at  the  frequency  of  60  GHz,  by  resonance 
absorption  in  oxygen  [3.2]. 

Attenuation  length  depends  on  continuously  changing  state  of 
atmosphere ’ and  on  path  length  of  radio  waves  in  the  atmosphere. 
Consequently,  absorption  will  be  minimum  at  the  angle  of  elevation  of 
j3=90®,  and  maximum  with  the  values  /J,  close  to  zero.  During  the 
determination  of  attenuation  a  certain  role  plays  the  height/altitude 


^jZ^®»’i^'SS.SXMb5JS'j^^3':®Mcp>i'KS!SSI35^33Si5C33pr»&-s.waiKi-3^^ 
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of  station  above  sea  level,  since  it,  just  as  value  /3,  characterizes 
the  path  length  of  radio  waves  in  the  atmosphere. 


Page  50. 


For  the  determination  of  attenuation  in  uncontaminated  atmosphere 
of  area  with  moderate  hxjunidity  in  the  absence  of  precipitation  in 
report  of  MKKR  [3.3]  are  given  theoretical  curves  of  Pig.  3.2.1,  at 
8=90”.  Attenuation  for  other  angles  of  elevation  can  be  determined 
according  to  the  expression 

=  (3.2.3) 

Here  (90°)  -  attenuation  in  the  atmosphere  for  vertical  route 

(/3=90®),  which  is  determined  according  to  curves  of  Fig.  3.2.1,  and  a 
-  coefficient,  not  depending  on  frequency.  The  value  of  this 
coefficient  depending  on  angle  of  elevation  /3  is  found  from  Table 
3.2.1  [3.3]. 


One  should  note  that,  according  to  [3.3],  curves  3.2.1  and  data 
of  Table  3.2.1  carry  preliminary  character. 

It  is  necessary  to  say  that  work  [3.1]  gives  theoretical 
attenuation  lengths  (Fig.  3.2.2),  differing  somewhat  from  those, 
which  are  obtained  at  a  rate  of  formula  3.2.3,  recommended  by  MKKR. 
The  differences  indicated,  apparently,  are  explained  by  the  procedure 
of  the  calculation  of  these  losses. 
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Fig.  3.2.1.  Attenviation  in  the  atmosphere  ->*ithout  precipitationr  A  - 
station  at  the  level  of  sea,  B  -  station  or.  2  km  is  higher  then  sea 
level. 

Key;  (1).  dB.  (2).  Angle  of  elevation.  O'.  GHz. 


Table  3.2.1. 
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Fading  signal  in  the  atmosphere,  caused  by  rain,  by  clouds  and  by 
fog  in  section  with  length  of  l  km  and  in  transit  through  radome,  can 
be  found  from  expression 

^o-  =  ^o/+5c.-  (3.2.4) 

Here  value  6,  determines  attenuation  in  precipitation  on  route 


*  I*  -*  T-  ^  - 


DOC  =  861P.0404 


PAGE 


X  '^f 


with  extent  of  1  km  and  it  c^n  be  determined  according  to  Fig.  3.2.3 
[3.3,  3.4],  and  value  fly^  characterizes  losses,  determined  by  passage 
of  electromagnetic  energy  through  s'  ielding  radio- transparent  radome, 
covered  with  layer  of  water. 


Value  l,  in  expression  (3.2.4),  in  the  case  of  ^=90“  can  be 
undertaken  equal  from  3  to  10  km.  At  ^^90°  value  /  is  determined  by 
the  extenc  of  region,  in  which  falls  precipitation.  With  the  drizzling 
and  moderate  rains  such  regions  can  have  sizes/dimensions  to  1000  km 
into  the  length  and  fro.r,  30  to  300-400  km  into  the  width.  In  the  case 
of  showers  the  sizes/dimensions  of  regions  compose  tens  of  km  into  the 
length  and  width. 


‘  ffi  Z  3  k 5 675310  2030^0 60 50 WO fzu^/ 

Fig.  3.2,2.  Attenuatior  in  the  atmosphere  without  precipitation. 

Key:  (1).  dB.  (2).  Resonance.  (3).  Angle  of  elevation.  (4). 

GHz. 
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One  should  note  that  precision  determination  of  attenuation  in 
precipitation  becomes  complicated  by  fact  that  at  identical  rainfall 
.‘ntensity  distribution  of  drops  in  value  can  be  differently.  The 
dependences  Fig.  3.2.3  correspond  to  the  typical  distribution  of  drops 
in  the  valu?  in  the  continuous  rain. 


In  order  to  determine  percentage  of  time,  during  which  occurs 
this  fading  of  signal  in  the  atmosphere,  caused  by  precipitation,  are 
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necessary  statistical  data  about  horizontal  and  vertical  extent  of 
rains,  thickness  of  clouds  and  distribution  of  cloud  cover.  The 
evaluation,  based  on  the  statistic  study  of  clouds  [3.3]  and  rains  of 
South  England,  at  /3=5‘’  at  the  frequency  of  4  GHz,  shows  that  the 
attenuation,  exceeded  during  1%  of  the  time  of  observations,  is 
approximately  0.25  dB  with  the  rain  and  about  0.7  dB  with  the  clouds. 

Value  is  located  according  to  graphs/curves  of  Fig.  3.2.4 
[3.11].  Dependences  are  designed  on  the  basis  of  works  [3.12  and 
3.13] j  in  this  case  solid  lines  in  the  figure  showed  losses  in  a  layer 
of  the  water,  which  covers  fairing  during  the  perpendicular 
incicience/drop  in  the  energy,  and  broken  -  joint  losses,  caused  not 
only  by  a  layer  of  water  by  thickness  k,  but  also  by  the  fairing,  made 
from  the  material  with  a  thickness  of  about  1.5  mm  with  the  dielectric 
constant  e=3-i  0.045. 
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Fig.  3.2.3.  Attenuation,  caused  by  precipitation  on  route  1  km:  A  - 
attenuation  with  rain  0.25  mm/h  (drizzling  rain),  B  -  attenuation  with 
rain  1  mm/h  (weak  rain),  C  -  attenuation  with  rain  4  mm/h  (moderate 
rain),  D  -  attenuation  with  rain  16  mm/h  (strong  rain),  E  - 
attenuation  with  rain  100  mm/h  (shower),  F  -  attenuation  with  fog  or 
cloudiness  0.032  g/m^  (visibility  >600  m) ,  G  -  attenuation  with  fog  or 
cloudiness  0.32  g/m’  (visibility  ~120  m) ,  H  -  attenuation  with  fog  or 
cloudiness  2.3  g/m’  (visibility  ~30  m) . 

Key :  ( 1 ) .  dB/km .  ( 2 ) .  f ,  GHz . 
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Fig.  3.2.5  gives  experimental  dependence  of  losses  due  to  wet 
cap/hood  for  rain  of  different  intensity,  taken  for  antenna  in  Andover 
[3.14]  at  frequency  of  4000  MHz.  One  should  note  that  depending  bn 
the  climatic  conditions,-  and  also  on  form  and  material  of  fairing,  by 
which  is  determined  the  thickness  of  the  layer  of  water  on  it, 
magnitude  of  losses,  caused  by  fairing,  can  differ  somewhat  from  the 
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dependence  Fig.  3.2.5. 


Taking  into  account  everything  said,  with  substitution  into 
expression  (3.2.1)  of  values,  determined  (3.2.2),  (3.2.3)  and  (3.2.4), 
we  will  obtain 

=  201g -I-  B'^  (90") a  +  6^  +  Bo..  (3.2.5) 

During  determination  of  direction  of  maM^uum  antenna  radiation  it 
is  necessary  to  consider  atmospheric  refraction,  i.e.,  deviation  of 
direction  of  radio  beam  from  straight  line.  This  phenomenon  more 
strongly  is  developed  at  small  angles  of  increase  and  does  not  depend 
on  frequency  in  the  range  0.1-10  GHz  [3.3]. 


DOC  =  86120404  PAGE  ^ 


Fig.  3.2.4.  Losses,  determined  by  wet  fairing. 
Key;  (1).  dB.  (2).  GHz.  (3).  k,  mm. 
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Depending  on  angle  of  elevation  jS  the  average/mean  value  of  a  change 
in  the  angle  of  incidence  of  radio  beam  is  determined  according  to 
graph/curve,  Fig.  3.2.6  [3.3].  From  the  curves  it  follows  that  the 
error  in  the  angle  of  arrival  of  radio  beam  when  /3  of  more  than  5“ 
proves  to  be  low  (less  than  0.2®).  Nevertheless  this  value  for  the 
antennas  with  the  high  amplification  factor  must  be  considered  during 
the  determination  of  antenna  bearing  to  the  side  of  satellite. 
Otherwise  is  possible  the  decrease  of  Signal  level  or  even  "loss"  of 
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satellite.  If  the  width  of  major  antenna  lobe  exceeds  0.7+1°,  at 
frequencies  of  higher  than  1000  MHz  the  refraction  can  be 
disregarded/neglected. 

3.3.  Fundamental  parameters  of  antennas. 

Requirements,  presented  to  antennas  in  commxmication  systems 
through  ISZ,  are  reduced  in  essence  to  obtaining  of  necessary 
directive  gain  (KND) ,  factor  of  amplification  and  minimum  side-lobe 
level  radiation  pattern. 

For  any  antenna  KND  it  is  identical  both  during  transmission  and 
reception. 

Let  us  examine  determination  of  KND  based  on  example  of 
transmitting  antenna  [3.5]. 

Let  us  place  antenna  into  point  0  of  space  and  will  describe 
sphere,  whose  center  coincides  with  point  0  (Fig.  3.3.1).  We  will 
consider  radius  of  sphere  r  to  be  so  large  that  the  form  of  solid 
coverage  of  antenna  in  the  region  of  sphere  will  be  virtually  the  same 
as  in  the  infinite  region. 

Strength  of  field  at  any  point  of  sphere  in  general  form  can  be 


represented  as 
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F^9«  3«2.5»  Fig.  3.2.6. 

Fig.  3.2.5.  Losses,  determined  Dy  wet  cap/hood. 

Key:  (1).  dB.  (2).  Precipitation,  mm/h. 

Fig.  3.2.6.  Average/mean  valu'2  of  change  in  angle:  A  -  tropical 
maritime  air,  B  -  polar  continental  air. 

Key;  (1).  Change  in  the  angle  of  arrival  (degrees).  (2).  Angle  of 
elevation  (degrees). 
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Here  A  ~  proportionality  factor,  not  depending  on  6  and  a>; 

F(8,  (?)  -  form  of  antenna  radiation  pattern  for  that  point  of 
sphere,  which  is  determined  by  coordinates  6  and  (p  radius  of  vector. 


KND  of  antenna  is  called  relation  of  square  of  strength  of  field 
in  direction  in  question  to  average/mean  (in  all  directions)  value  of 
square  of  strength  of  field: 


DOC  =  86120404  PAGE  ^  /  iP ^ 


Sphere  dF  with  coordinates  ©,  and  4>#  (Fig.  3.3.1), 


}'  £  w 


"Cl.~  f  ’ 


where  F  -  surface  of  sphere. 


Using  expression  for  £cp,  we  will  obtain 


"  Jf*(0.(p)df 


(3.3.3) 


Taking  into  account  that  surface  of  sphere  F=4ffrS  and  dF=r*  cos 


©d©d(p,  can  be  obtained 


r, _ *nF*  leo.ffo) 

—  2*  */2 


j  dqp  j  F*{&,tf)cosQd^ 

i  -i/2 


(3.3.4) 


m, 
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Fig.  3.3.1.  Determination  of  parameters  of  antennas. 
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During  calculation  of  KND  to  more  conveniently  use  value, 
calibrated  relative  to  F(0o,  <po).  Therefore,  if  we  introduce  the 


designation 


Fie,,  fh) 


we  will  obtain 


—  j*  ic/a 


f</9  j  Fi(e,<p) 
0  —1/2 


coserf  0 


(3.3.5) 


Relation 


(3.3.6) 


is  called  antenna  gain  G. 
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Here  E  and  Ea  -  strengths  of  fields,  created  at  point  of  space- 
question  with  respect  to  this  antenna  and  a  nondirecticnal  antenna 
(isotropic),  creating  identical  strength  of  field  in  all  directions. 


Po  and  Pa  -  power,  applied  to  this  antenna  and  omnidirectional 
antenna. 


Value  G  is  determined  when  Po=Ph.  and  efficiency  of  isotropic 
antenna  is  equal  to  one. 


Let  us  note  that  for  any  antenna  by  efficiency  tja  is  understood 
relation 


Pi 


Pi _ 

•^Pnw 


(3.3.7) 


where  Pj  -  power,  emitted  by  antenna,  P„o,  -  power,  lost  in  antenna. 


Sxjbstituting  (3.3.2)  into  expression  (3.3.6)  and  taking  into 
account  aforesaid,  we  will  obtain 


Keeping  in  irind  (3.3.7),  let  us  find 

G  =  A-^a-  (3.3.8) 

On  the  basis  of  reciprocity  principle  it  is  possible  to 
demonstrate  that  parameter  G  of  any  antenna  is  numerically  identical 
at  transmission  and  reception. 
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Usually  value  ra  is  very  close  to  one;  therefore  with  accuracy 
sufficient  for  practical  purposes  it  is  possible  to  count  c  =D,„  ^^that 
factor  oi  amplification  and  directive  gain  of  antenna  coincide. 
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Receiving  antennas  are  conveniently  characterized  by  the 
effective  surface,  which  according  to  [3.5]  is  determined  by 


expression 


c  _  ^  n  _  ifil 

4}i 


(3.3.9) 


From  (3.3.9)  it  is  possible  to  obtain  another  expression, 
frequently  utilised  during  calculations 

a  =  ’.A  ^ 

There  is  several  types  antenna  of  SHF;  however,  widest  use  in 
radiolink  systems  through  ISZ  received  parabolic,  horn-parabolic 
antennas  and  some  of  their  modifications  -  "convoluted"  horn-pareiboiic 
antenna  [3.6]  and  two-mirror  antenna  of  Cassegrain  [3.5]  and  [3.7], 


Directive  gain  of  parabolic  antenna  with  radius  of  aperture  of  Ro 
and  focal  length  of  f  (see  Fig.  3.3.2)  is  determined  by  following 
expression: 

IK  (•'^■3.11) 

Here  S=?rRe*  -  surface  of  aperture  of  paraboloid, 

Ky  ■  f  (^^]Do6j,  “  -  coefficient  of  use  of  surface  of  aperture  of 

paraboloid,  which  considers  nonuniformity  of  phase  distribution  and 
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amplitudes  of  field  in  aperture, 


U.n.i  -  KND  of  antenna  feeder. 


Let  us  note  that  depending  on  type  of  antenna  and  utilized 
irradiator  value  ki  can  vary  within  the  range  of  0.55  to  0.96  [3.7]; 
however,  in  practice  usually  there  is  order  0.5=0. 6  for  parabolic 
antennas,  0.65-0.78  for  horn-parabolic  and  0.6-0.65  for  two-mirror. 


Substituting  in  expression  (3.3.11)  envunerated  values  with  value 
of  ki=0.5,  ye  will  obtain  approximation  forn'i^a  for  determining  KND 

(3.3.12) 

Here  R#  and  De  respectively  radius  and  diameter  of  aperture  of 
reflector  (see  Fig.  3.3.2). 


Radiation  pattern  of  parabolic  antenna  can  be  calculated  from 
expression  (3.3.5). 
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Fig.  3.3.2.  Parameters  of  parabolic  antenna. 

Key:  (1).  Mirror.  (2).  Irradiator. 

Page  58. 

Fig.  3.3.3  [3.5]  shows  the  radiation  patterns  of  this  antenna  in 
planes  xz  and  yz  with  the  different  values  of  ratio  R*/f  (see  Fig. 
3.3.2).  By  the  selection  it  it  is  possible  substantially  decrease 
side-lobe  level  and  the  width  of  the  major  lobe/lug  of  the  antenna 
radiation  pattern. 

Value  of  minor  lobes  of  receiving  antennas  determines  noise  level 
and  interferences/ jammings,  taken  out  of  main  trend,  and  in  the  case 
of  transmitting  antennas  -  interference  level,  created  to  other  radio 
aids.  For  the  parabolic  antenna  optimum  value  ^=1,3,  in  this 
case  is  obtained  maximum  value  ki=0.83,  and  consequently,  and  the 
maximum  value  of  directive  gain  Dn- 

For  this  case  width  of  radiation  pattern  of  parabolic  antenna  on 
half  power  it  is  determined  by  following  expressions  [3.5]: 
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in  plane  yz 

rad,  (3.3.13). 

in  plane  xz 

®o.8«=1»3^^,  rad,  (3.3.3  4). 


or  in  the  degrees 


6^ 


ptC 

^O.S«! 


s70  — 

2Rt 


(S.3.15) 


Keeping  in  mind  (3.3.13)  and  (3.3.14),  expression  (3.3.11)  can  be 
recorded  in  the  form 

1 


aRl 


C  =  u  —  Ki  =  It*  1,2- 1,3  -g - =5 —  Ki. 

X*  %.Sxt^0.5vs 


Accepting  ki=0.5  and  expressing  angles  in  degrees,  we  will  obtain 
approximation  formula,  convenient  for  calculations  of  KND  of  antenna 
with  given  (or  known)  values  of  width  of  major  lobe/lug 


Z).= 


25000 


(3.3.16) 
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Fig.  3.3.4.  Antenna  radiation  pattern;  -  -  level  or 

corresponding  diagram  of  isotropic  emitter. 

Kcv-  n).  ab. 

Page  60. 

Radiation  patterns  of  real  antennas  usually  differ  from  those 
designed  due  to  imperfect  irradiation  of  surface  of  reflector,  which 
leads  to  nonuniformity  of  phase  distribution  and  amplitudes  of  field 
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inaccuracy  in  manufacture  of  irradiator  and  reflector,  presence  in 
field  of  irradiator  of  different  structural  parts  of  antenna 
(brackets,  attachment,  etc.).  All  this  leads  to  the  brokenness  of 
radiation  pattern  -  to  the  appearance  of  a  large  number  of  minor  lobes 
(Fig.  3.3.4),  whose  calculation  presents  considerable  difficulties. 

For  this  reason  for  the  calculations  are  utilized  the  idealized 
antenna  radiation  patterns,  in  which  are  considered  only  the  averaged 
values  of  gain  in  different  directions  due  to  the  minor  lobes. 

Fig.  3.3.5  and  3.3.6  give  "those  averaged"  on  minor  lobes  of 
radiation  pattern  of  terrestrial  antennas  of  different  types  (not  only 
parabolic)  [3.8],  these  antennas  having  aperture  (aperture)  from  9  to 
27  m,  and  amplification  factors  -  from  45  to  60  dB.  In  the  same 
figures  the  straight  line,  which  approximates  the  antenna  gain  G(©)  at 
0^50®,  constructed  according  to  the  expression 

G;(e)  32-251g  (6),  ^  (3.3.17) 


is  plotted/applied. 
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Fig.  3.3.5.  Gain  and  approximation  at  O.O1®>0>1O®:  1  -  Mill 

Village,  2  -  Goldstone,  3  -  Wallops  Island,  4  -  Andover,  5  -  West 
Ford,  6  "  Goonhilly,  7  -  G(e)=32-25  Ig  0,  8  -  Goonhilly  after  change. 
Key :  ( 1 ) .  dB . 
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Here  ©  -  angle  (in  degrees)  between  axis  of  major  lobe/lug  of 
antenna  radiation  pattern  and  selected  direction.  From  the  comparison 
of  the  antenna  radiation  pattern  and  idealized  diagram  their 
satisfactory  coincidence  follows.  Therefore  in  work  [3.8]  is  done  the 
conclusion  that  in  the  limits  of  value  of  ©<50®  amplification  of  the 
minor  lobes  of  different  antennas,  found  relative  to  isotropic 
emitter,  can  be  approximated  by  expression  (3.3.17).  At  0>5O‘’  it  is 
considered  that  the  amplification  of  minor  lobes  is  -10  dB  relative  to 
isotropic  emitter.  Within  the  limits  of  the  main  lobe  of  radiation  of 
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antenna  its  amplification  is  accepted  as  constant/invariable  and  that 
depending  on  the  ratio  of  the  diameter  of  antenna  to  the  wavelength. 
Value  and  the  width  of  major  antenna  lobe  can  be  designed  from 
approximate  formulas  ( 3. 3. 12) -(3. 3.16) . 

Fig.  3.3.7  gives  idealized  antenna  radiation  pattern,  constructed 
in  accordance  with  expression  (3.3.17)  and  expressed  considerations. 

In  this  case  the  gain  in  major  lobe  can  be  determined  according  to 
expression  (3.3.12). 
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Fig.  3.3.6.  Gain  and  approximation  at  l‘’<©<100'’:  1  -  Mill  Village,  2 

-  Holmdel,  3  -  Goldstone,  4  -  Goonhilly,  5  -  Andover,  6  -  West  Ford,  7 

-  Raysting,  8  -  G(©)=32“25  Ig  0,  9  ~  Goonhilly  after  change. 

Key;  (1).  dB. 
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In  [3.8]  it  is  noted  that  accuracy  of  approximation  in  Fig. 

3.3.7  is  approximately  ±3  dB  for  horizontal  sections  and  about  4  dB  in 
inclined  section. 


As  it  follows  from  given  formulas  at  selected  frequency  (or 
wavelength),  increase  in  antenna  gain  can  be  achieved/reached  by 
increase  in  its  sizes/dimensions.  However,  with  an  increase  in  the 
sizes/dimensions  are  unavoidable  the  large  deviations  of  the  form  of 
reflector  from  the  given  one,  and  also  the  appearance  of  considerable 
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nonuniformities  of  the  surface  of  antenna  dish.  This  will  destroy  the 
‘  in  antenna  aperture.  Tolerance  level  for  the 

deviaticii  ‘.re-,  the  theoretical  fc’ \  >f  mirror  mus'  not  exceed  X/'6. 
With  the  la: ;e  sizes/dimennions  cf  antennas  and  at  the  high 
frequencies  :h's  requii-eme'.t  beccnes  impracticable.  Fig.  3.3.0  shows 
the  dependent?-  of  amplification  on  the  frequency  for  several  very 
precisely  exeruted  antennas,  whose  ratio  of  maximum  standard  deviation 
0  to  the  diameter  of  entenns  is  equal  to  10"  ■*  [3.9].  From  Fig.  3.3.8 
it  follovs  tha  he  ma:cimum  gain  in  this  case  is  approximately  57  dB. 
Fig.  3.3.9  g.ve  the  dependence  of  the  diameter  of  antenna  with  the 
value  ((t/D)=10"'‘  from  the  frequency,  at  which  is  obtained  maximum 
gain. 

Comparison  of  parabolic  antennas  with  horn-parabolic  shows  that 
latter  possess  considerably  smaller  minor  lobes.  The  considerably 
large  sizes/dimensions  with  the  same  amplification  factors  are  a 
definite  deficiency  in  the  horn-parabolic  antennas  in  comparison  with 
the  parabolic  antennas.  However,  structural/design  changes  in 
horn-parabolic  antennas  [3.6]  make  it  possible  to  considerably  shorten 
their  sizes/dimensions  almost  without  a  change  in  the  electrical 
characteristics. 
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Fig.  3.3.8.  Dependence  of  amplification  on  frequency  for  several 
values  of  the  diameter  of  antenna  with  a/D  1  -  D=230  m,  2 
-.D=76  m,  3  -  D=26  m,  4  -  D=18  m. 

Key:  (1).  Power  gain.  (2).  Frequency,  GHz. 


Fig.  3.3.9.  Dependence  of  frequency,  which  corresponds  to  maximm 
amplification  on  diameter  of  antenna  with  0/D=lO'*. 

Key:  {!).  Diameter  of  antenna.  (2).  Frequency,  GHz. 
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One  should  note  that  ground  antennas  of  conununicat ion  systems 
through  ISZ  sometimes  are  placed  within  radio-transparent  fairings. 
The  latter,  shielding  antennas  from  the  wind  load  and  precipitation, 
allow  together  with  simplification  in  the  construction/design  of 
antenna  system  (reduction  in  the  weight,  an  improvement  in  the 
evenness  and  the  accuracy  of  the  displacement/movement  of  antenna, 
decrease  of  the  power  of  drive  assemblies)  to  simplify  both  operation 
and  servicing  of  antennas  in  any  weather. 

Radomes  are  of  two  types  -  inflatable  and  rigid.  Inflatable 
fairings  do  not  have  a  framework/body  and  are  fulfilled  from  the 
dielectric  film  in  the  form  of  the  sphere,  inside  which  is  pumped  air 
At  present  more  frequently  are  used  the  i igid  fairings,  which  consist 
of  the  framework/body,  to  which  are  fastened  the  parts  and  the 
elements  of  cons tri\ct ion/design. 

It  is  obvious  that  fairing,  being  located  in  immediate  proximity 
to  antenna,  will  somewhat  change  its  electrical  characteristics.  Thus 
according  to  [3.10]  contemporary  fairings  in  the  range  of  SHF  in  the 
absence  of  precipitation  create,  approximately,  the  following  changes 
in  the  parameters  of  the  antenna: 

1.  Decrease  of  amplification  factor  on  0.5  dB. 


2.  Change  in  side-  lobe  levels 


mmtmfrn 
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on  1  dB  on  level  -  20  dB, 
on  2  dB  on  level  -  25  dB, 
on  4  dB  on  level  -  30  dB. 

3.  Error  in  guidance  of  beam  of  0.005-0.25°. 


i 


h 

t 

I 


Effect  of  wet  radomes  on  signal  level  is  examined  in  Section  3.2, 
and  on  value  of  noise  temperature  of  antenna  -  in  Section  4.4. 

3.4.  Polar izational  losses. 

Let  us  examine  losses,  caused  by  disagreement  of  polarization  of 
oscillations/vibrations  of  transmitting  and  receiving  antennas.  We 
will  consider  that  the  terminus  of  the  vector  of  electric  field  E  (or 
magnetic  field  H) ,  created  at  the  point  of  the  space  of  certain 
antenna  in  question,  describes  during  the  period  of  high  frequency  the 
ellipse.  This  ellipse  lies/rests  at  plane  x-y,  perpendicular  to  the 
direction  of  propagation  of  energy  z,  and  is  called  polar izational 
(Fig.  3.4.1). 


Let  us  represent  vector  E  in  the  form  of  sum  of  two  components; 
vector  and  £«.  It  is  obvious  that  in  the  general  case  the 
instantaneous  values  of  the  coordinates,  which  determine  the  value  of 
;  components  and  E^,  can  be  recorded  in  the  form; 

^  ;c  =  fi  sin  0) (3.4.1) 

i/=  £,sin{ci)/— a).  (3.4.2) 
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Here  Ei  and  Ej  -  maximum  values  of  components  and  and  value 
o  characterizes  phase  displacement  between  £*  and  £v 


Page  65. 


Keeping  in  mind,  that  according  to  (3.4.1) 


sino)  /=  — 

Cl 


after  substitution  in  (3.4.2)  let  us  find 


j/ =  £,[sino)/cosa — cos  cousin  a]  =  £,|^-^  cos  a —  ^  1 — ^sinaj. 


Hence 


+£S 


y*  Txyctaa 


•=  sm*a. 


(3.4.3) 


Expression  (3.4.3)  is  equation  of  ellipse  in  system  of 
coordinates  x,  y.  With  a«n7r,  where  n=0,  1,  2,  ...,  expression  (3.4.3) 
will  take  form  y=(Ej/Ei)x,  which  corresponds  to  field  wi-ch  the  linear 
polarization. 


In  the  case  of  circular  polarization  Ei^E^,  expression  (3.4.1) 


and  (3.4.2)  can  be  recorded  in  the  form 

x  =  Esina  t  ' 
y  =  Ecosat  J 


(3.4.4) 


Hence  follows  that  oscillation/vibration  with  circular 
polarization  it  is  possible  to  represent  in  the  form  of  sum  of  two 
oscillations/vibrations  with  identical  amplitude  and  linear 
polarization,  shifted  angle  a=  (:r/2),  excited  in  orthogonal  planes. 
Fig.  3.4.2  shows  the  diagram,  which  illustrates  the  principle  of 
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obtaining  oscillations/vibrations  with  the  circular  polarization;  to 
the  emitters,  which  create  the  linearly  polarized  vibrations  in  the 
orthogonal  planes  x  and  y,  vibrations  E  cos  wt  are  fed/conducted.  In 
this  case  for  obtaining  the  circular  polarization  before  one  of  the 
emitters  the  device/equipment,  which  turns  the  phase  of  vibrations  on 
90",  is  established/installed. 
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Fig.  3.4.1.  Fig.  3.4.2. 


Fig.  3.4.1.  Ellipse  of.  polar i.-sat ion. 

Fig.  3.4.2.  Principle  of  obtaining  vibrations  with  circular 
polarization. 


PAGE 
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Let  us  consider  cas3,  when  a=7r/2  (2n+l),  and  EiJ^E..  In  this  case 
expression  (3.4,3)  of  r  igns  ih;*  form 


’  •  JL-  1 

^  p2  ~ 

)  *2 


which  corresponds  to  the  ellipse,,  whose  axes  coincide  with  the 
coordinate  axes. 


I 


In  general  case,  when  axes  of  ellipse  of  polarization  form  with 
coordinate  axes  angle  7  (Fig.  3.4.3),  for  projections  of  vectors  E^ 
and  Ei  on  coordinate  axis  it  is  possible  to  record 


j8i COSO /sin Y  +  'SI?' COSY  | 

£'j,  =  COSO /cos  sin  v  j 


Let  us  show  that  oscillation/vibraticn  with  elliptical 
'  polarization,  characterized  by  components  Ki  and  E,  can  be 
represented  in  the  form  of  two  orthogonal  osci^lat ions/vibrations  E* 
and  E**  with  circular  polarization  in  opposite  directions  and 
characterized  respectively  by  amplitudes  E  '  and  E"  and  by  phases  <p', 
(p"  (Fig.  3.4.4.).  If  we  through  j  and  i  designate  the  unit  vectors, 
directed  along  x  and  y  axes,  then 


E*  =>  }E'  cos  (o  /  +  9*)  +  (o  /  +  tp')  I  (3.4.6) 

E**  =  JE"  cos  (o  / + 9") — sin  (o  /  +  9'0  I 

In  accordance  with  Fig.  3.4.4. 


=  £'  sin  (o  / + 9')  +  E”  (« ^  +  9")  1 

£j,  ==  £'  cos  (o  / + <p') — cos  (o  /  +  q)")  J 
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Fig.  3.4.3.  Fig.  3.4.4. 


Fig.  3.4.3.  Location  of  ellipse  in  coordinate  system. 


Fig.  3.4.4.  Orthogonal  components  with  circular  polarization. 

Page  67. 

Equalizing  (3.4.5)  and  (3.4.7),  after  introduction  of  elliptic 
coefficient  ei=Ej/Ej  let  us  find 


9'  =  y;  9"  =  — Y 

£/  =  ^  (1  +  «i) 

£/,  _£i±£i.  =  (1  _  e  ) 

2  2 


(3.4.8) 


After  substitution  (3.4.8)  in  expressions  (3.4.6)  let  us  find 


£*  =  /  ^(l  +  ^^)cos(<o<  +  Y)^-t^(l+«l)si^((o/^-Y) 

^  .  (3.4.9) 

E**  =  cos (<D / — y) — t  Y ( 1 — Cl) sin  (oj-i — y) 


From  expressions  (3.4.9)  it  follows  taat  oscillation/vibration 
with  elliptical  polarization  (elliptic  coefficient  is  equal  to  e^), 
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actually,  it  is  possible  to  represent  circular  polarization  in  the 
form  of  two  orthogonal  oscillations/vibrations  E*  and  E**,  having 
circular  polarization.  In  this  case  circular  polarization  for  each 
oscillation/vibration  (E*  and  E**)  is  determined  by  the  sum  of  two 
oscillations/vibrations,  which  have  linear  polarization  in  the 
mxatually  orthogonal  planes.  By  other  words,  the  principle  of 
obtaining  the  elliptically  polarized  vibration,  by  analogy  with  Fig. 
3.4.2,  can  be  represented  in  the  form  of  the  diagram,  given  in  Fig. 
3.4.5. 
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Fig,  3.4,5.  Principle  of  obtaining  vibrations  with  elliptical 
polarization. 

Page  68. 

To  the  input  of  this  diagram  is  fed/conducted  the  vibration  with  an 
amplitude  of  Ei/2,  which  through  the  elements  ki  and  la  with  the 
transmission  factors  respectively  l+c^  and  l-ej  proceeds  to  emitters 
H1-H4  directly  or  passing  through  the  devices/equipment,  which  turn 
the  phase  of  vibration  on  +90®  (for  component  E*)  or  on  2j  and  -90® 
(for  component  E**).  Let  us  note  that  the  emitters  Hj  and  H*  excite 
vibrations  with  the  linear  polarization,  but  different  amplitude  in 
one  and  the  same  plane,  orthogonal  to  the  plane,  in  which  the 
vibrations  are  excited  by  emitters  H*  and  Ms- 

As  per  theorem  of  reciprocity  receiving  antenna  with  elliptical 
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polarization  can  be  represented  in  the  form  of  analogous  diagram, 
given  in  Fig.  3.4.6.  Receiving  dipoles  Jh  and  are  located  in  one 
plane,  and  dipoles  A,  and  A3  -  in  other,  orthogonal  plane.  Components 
E*,  which  arrive  from  the  emitters  Hi  and  Hj  (see  Fig.  3.4.5)  on  the 
dipoles  Ai  and  A2  of  receiving  antenna,  induce  emf : 

£^^  =  A-|-(1+Ci)cos((o/+y). 


Here  k  -  proportionality  factor  determined  by  attenuation 
between  transmitting  and  receiving  antennas.  After  the  passage 
through  phase  inverter  of  90“  at  the  output  of  element  with  the 


transmission  factor  nf 


we  will  obtain  the  total  vibration 


(summation 


it  is  realized  according  to  the  power): 

A(n-ej)cos((o/+Y)-  (3.4.10) 

With  arrival  of  component  E**  from  emitters  H<  and  Hj  (see  Fig. 
3.4.5)  on  dipoles  Ai  and  Aa  of  receiving  antenna  we  will  obtain  emf: 


*  (1 -Cl)  sin  {(D /- Y). 

/j  (1  —Cl)  cos  ((0  t—y). 

From  output  of  element  with  transmission  factor  Kf  after 
passage  through  phase  inverter  of  90“  in  this  case  we  will  obtain 

Latter  is  explained  by  the  fact  that  due  to  phase  inverters 


vibrations,  passing  through  Hj  and  Aa  differ  in  phase  from 
vibrations,  which  go  through  Hj  and  Aa  on  180“  (see  Fig.  3.4.5  and 

3.4.6) . 
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Fig.  3.4.6.  Principle  of  receiving  antenna  wi..h  elliptical 
polarization. 
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After  leading  analogous  considerations  for  the  dipoles  As  and  A*  let 
us  find  that  after  passing  through  the  phase  inverter  and  the  element 


Analogous  with  diagram  in  Fig.  3.4.5  for  diagram  in  Fig.  3.4.6 
let  us  assume 


a{l  +  e,)  I 
AK"  =  a(l— gj)  r 


(3.4.12) 


where  a  -  constant  coefficient,  and  -  eccentricity  of  ellipse  of 
polarization  of  receiving  antenna. 


Taking  into  account  (3.4.10),  (3.4.31)  and  (3.4.12),  we  will 
obtain  expression,  which  determines  power  of  oscillations  adopted  on 
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single  resistor/resistance 

P„p=  -,-4(l-^i)*{l-e,)»+(l-K)Hl+0*+2cos2Y(l-e?)(l-^)l  • 

(3.4.13) 

Amount  of  transmitted  power  with  single  output  resistance  and 
axis  alignment  of  ellipse  of  polarization  of  tr£.nsmitt ing  antenna 
with  axes  of  coordinates  (7=0)  in  accordance  wi'-h  (3.4.9)  will  be 

(3.4.14) 

Comparing  tv/o  latter/last  expressions,  1ft  us  find  transmission 
factor  of  power  between  cwo  anttnnas  taking  into  account  polarization 
of  oscillations/vibrations 


L r  (I  - e?)(i - 4) 


+  +  J 

^Oooji  ~  lOlg  K„q.. 


2cos  2y+ 


(3.4.15) 


Page  70. 

Results  of  calculation  Kno»  according  to  expression  (3.4.15)  for 
different  ej  and  c,  are  given  in  Fig.  3.4,7.  If  one  of  the  antennas 
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has  circular  polarization,  and  the  second  -  linear  (for  example, 

6i=l,  ej=0  or  vice  versa),  value  Kaon  will  prove  to  be  equal  to  0.5 
that  it  corresponds  to  the  decrease  of  the  power  adopted  two  times. 
Reduction  in  magnitude  Knon  with  2  7=ir  is  especially  noticeable.  Thus, 
for  example,  with  e,=ej=0,  7=90°  (antenna  with  the  linear 
polarization  of  oscillations/vibrations  in  the  orthogonal  planes) 
magnitude  /Cnon  proves  to  be  equal  to  zero.  This  means  that  in  this 
case  at  the  output  of  receivirg  antenna  the  power  of  signal  will 
prove  to  be  equal  to  zero.  During  calculations  of  the  line  of 
communications  through  ISZ  [hc3  -  artificial  earth  satellite)  it  is 
very  important  to  know  not  only  the  form  of  the  polarization  of  the 
emitted  oscillations/vibrations,  but  also  the  direction  of  rotation 
of  field. 

It  is  customary  to  assume  that  field  of  clockwise  rotation  for 
"observer'*,  who  looks’'  in  direction  of  propagation  of 
oscillations/vibrations  is  characterized  by  rotation  of  vector  E  in 
time  clockwise  in  fixed  plane,  perpendicular  to  direction  of 
propagation. 


s 
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Fig.  3.4.7.  Change  ft.oii  from  different  parameters. 


Fig.  3.4.8.  Field  with  polarization  of  right  (a)  and  left  (b)  of 
directions  of  rotation. 

Page  71, 

This  clarifies  Fig.  3.4.8ar  where  the  position  of  the  vector  of 
electric  field  E  for  two  moments  of  time,  which  differ  to  value  T/4 
during  the  propagation  of  oscillations/vibrations  in  the  direction 
from  the  reader  to  the  plane  of  drawing,,  is  shown.  The  latter  is 
marked  by  sign  "+".  Thus,  Fig.  3.4.8a  relates  to  the  polarization  of 
oscillations/vibrations  with  the  right-hand  direction  of  rotation. 

Fig.  3.4.8b  gives  case,  when  oscillations/vibrations  are 
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propagated  in  direction  from  plane  of  drawing  to  reader 
(conditionally  markedly  by  point).  This  corresponds  to  the  left 
direction  of  the  rotation  of  the  plane  of  polarization. 

Should  be  focused  attention  on  the  fact  that  with  reflection  of 
electromagnetic  energy  from  ideally  reflecting  surface  phase  of 
vector  E  is  changed  on  tt,  i.e.,  direction  of  polarization  of 
oscillations/vibrations  is  changed  to  opposite.  The  latter  fact  must 
be  considered  during  the  selection  of  the  antenna  systems  of  the 
communication  systems,  which  use  the  passive  communications  relays, 
and  also  during  the  use  of  various  antennas  (parabolic  and  of 
antennas  of  Cassegrain,  etc.). 

Rotation  of  the  plane  of  polarization  of  oscillations/vibrations 
in  communication  systems  through  ISZ  in  essence  is  determined  by 
motion  oi  satellite,  as  a  result  of  which  is  changed  mutual 
orientation  of  onboard  and  terrestrial  antennas.  At  the  same  time  the 
rotation  of  the  plane  of  polarization  can  be  produced  by  the  Faraday 
effect.  This  effect  appears  as  a  result  of  the  fact  that  when  the 
passage  of  the  electromagnetic  vibration  through  the  ionosphere  and 
the  magnetic  field  of  the  Earth  is  present,  the  oscillation/vibration 
can  be  represented  by  two  components,  which  are  propagated  through 
the  ionosphere  with  different  phase  rates.  After  passage  the  phaj^e 
shift,  which  leads  to  the  rotation  of  the  polarization  of  total 
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signal,  appears  by  these  components  of  a  certain  path  in  the 
ionosphere  between  them. 


If  ionized  gas  is  uniform,  then  value  of  angle  of  rotation  can 
be  determined  [3.15]  according  to  formula 


=  rad,  (3.4.16) 

where  A=e''Mo/4’rm* e ,  -  proportionality  factor; 


N  -  electronic  concentration. 


//np-longitudinal  component  of  magnetic  field,  a/m; 


l  -  path  length  ionized  gas,  m; 


e  -  electron  charge,  k; 


m  -  mass  of  electron,  kg; 


M#=47rl0*’  -  magnetic  permeability,  H/m; 


Co=10'V36ir  -  electrical  breakdown  of  free  space,  F/m; 
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f  -  frequency,  Hz. 

Page  72. 

Rotation  of  the  plane  of  polarization  of  received  signal  leads 
to  additional  energy  losses.  Actually,  in  the  absence  of  the 
fluctuation  of  the  ionosphere  it  would  be  possible  to  orient 
receiving  antenna  so  that  the  vector  of  the  electric  field  of 
received  signal  would  create  greatest  power  input  of  receiver. 
However,  due  to  continuous  changes'  in  the  electronic  concentration 
the  position  of  the  plane  of  polarization  continuously  varies.  When 
receiving  and  transmitting  antennas  they  are  fixed,  they  have  linear 
polarization  and  they  are  oriented  equally,  magnitude  of  losses  due 
to  the  rotation  of  the  plane  of  polarization  with  the  passage  of  the 
ionosphere  can  be  determined  according  to  the  expression 

*^  =  201gcos(p.  (3.4.17) 

Results  of  calculation,  carried  out  according  to  given  formulas, 
are  represented  in  Fig.  3.4.9  [3.1].  In  this  case  it  was  assiamed  that 
N=2.8*10^’  e/m’  in  the  interval  of  the  heights/altitudes  of  230-370 
km  and  N=0  at  all  other  heights/altitudes,  //np=30a/m.  As  it  is 
marvellous  from  Fig.  3.4.9,  the  effect  of  Faraday  it  is  necessary  to 
consider  at  frequencies  below  3-4  GHz. 

Values,  entering  expression  (3.4.16),  are  characteristic  for 


quiet  ionosphere. 
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Studies  of  conditions  for  passage  of  radio  waves  through 
disturbed  ionosphere  showed  [3.16]  that  aurorae  polares  increase 
speed  of  fadings  and  are  caused  rapid  and  considerable  fluctuations 
of  polarization;  value  of  angle  <p  at  frequency  of  0.5  GHz  exceeded  1 
rad.  In  this  case  the  average/mean  of  the  signal  levels  accepted 
remained  constant  in  limits  of  accuracy  of  measurements  (±2  db) .  for 
decreasing  the  losses,  caused  by  the  rotation  of  polarization,  at 
transmitting  and  receiving  ends  of  the  line  of  communications  antenna 
with  the  circular  polarization  are  used. 

3.5.  Doppler  effect. 

Onset  of  Doppler  effect  due  to  motion  of  satellite  relative  to 
terrestrial  station  is  one  of  special  features  of  communication 
systems  through  IS2.  As  a  result  of  this  at  the  point  of 
reception/procedure  the  strain  of  the  spectriom  of  signal  and  change 
in  the  carrier  frequency  is  observed. 

Change  in  carrier  frequency  will  lead  to  the  fact  that  level  of 
received  signal  with  insufficient  width  of  band  of  filters  will  be 
reduced,  since  value  bjnv  (or  6u/„p;,  entering  expressions  (3.1.2)  and 
(3.1.4),  will  be  changed. 
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Fig.  3.4.9.  Dependence  of  losses,  caused  by  effect  of  Faraday. 

Key:  (1).  Losses,  db.  (2).  Frequency,  GHz. 

Page  73. 

Therefore  width  of  band  of  filter  must  be  chosen  taking  into  account 
the  Doppler  effect;  the  latter  must  be  taken  into  consideration  and 
during  the  circuit  design  APCh  of  receiver. 

Let  us  consider  phenomena,  caused  by  Doppler  effect.  It  is  known 
that  during  the  motion  of  the  source  of  signal  to  the  side  of 
reception/procedure  with  the  speed  v,  the  frequency  f  adopted  is 
connected  with  the  frequency  of  the  emitted  f,  with  the 
relationship/ratio 

/  =  (3.5.1) 

Here  Co=5.10‘®  cm/s  speed  of  light. 

Condition  —<§1,  usually  always  is  satisfied  therefore  during 
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motion  of  signal  to  side  of  reception/procedure  we  will  obtain 

/=U{'  +  -^)-  P-5-2) 

In  expression  (3.5.2)  it  is  taken  into  consideration,  that 
velocity  v  of  satellite  is  directed  along  radio  communication  link. 

In  the  general  case,  when  velocity  vector  can  be  directed  at  any 
angle  toward  the  radio  communication  link,  the  change  in  the 
frequency,  caused  by  the  Doppler  effect,  will  be  determined  only  by 
that  component  of  velocity  vector,  which  is  parallel  to  radio 
communication  link.  Let  us  designate  this  component  of  rate  through 
I'r  and  let  us  agree,  that  with  a  decrease  in  the  distance  between  the 
source  of  signal  and  the  point  of  the  reception/procedure  of 
component  o,  has  negative  value,  and  with  an  increase  in  the  distance 
of  the  component  of  velocity  Vr  indicated  it  is  positive.  Then  from 
(3.5.2)  we  obtain  the  following  expression  for  determining  of  change 
in  frequency  M-f-fti 

4/  =  -/.-^  =  — r.  (3.5.3) 

where  Xo=Co/fo  -  wavelength  of  the  emitted  oscillation/vibration. 

From  expression  (3.5.3)  it  follows  that  for  stationary 
satellites  change  in  frequency,  caused  by  Doppler  effect,  is  equal  to 
zero. 


For  evaluation/estimate  of  change  in  value  Af  let  us  consider 
simplified  case:  satellite  travels  at  constant  speed  T  relative  to 
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fixed  point  0.  Let  us  replace  the  small  phase  of  trajectory  of  the 
motion  of  the  satellite  of  straight  line.  Then  in  accordance  with 
Fig.  3.5.1,  counting  after  t=0  moment  of  time,  which  corresponds  to 

the  shortest  distance  of  r,,  we  obtain 

y,  =  t»sin0,  (3.5.4) 

where  _ 

sine  ^ •  (3.5.5) 

ro  corresponds  to  the  shortest  distance. 

Page  74. 

In  expression  (3.5.5)  positive  sign  corresponds  to  values  of 
t<0,  and  sign  "minus"  to  values  t>0.  In  accordance  with  (3.5.3)  let 
us  find 

A  /  »  ±  ^  =.  ±  ^  (3.5.6) 

At  Atr 

Taking  into  account  that  according  to  Fig.  3.5.1  tge=—  .from 
expression  (3.5.6)  we  will  obtain 

~  =  ±s»n(arctg-^).  (3.5.7) 

X 

According  to  this  relationship/ratio  is  constructed  graph  rig. 
3.5.2,  on  the  basis  of  which,  knowing  velocity  of  motion  i>  and 
wavelength  Xo,  it  is  easy  to  determine  value  of  Doppler  frequency 
shift. 

From  latter/last  expression  and  Fig.  3.5.2  it  follows  that  rate 
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of  change  in  frequency,  caused  by  Doppler  effect  with  uniform  motion 
of  satellite  relative  to  observation  point,  will  be  greatest  with 
r=ro . 


If  relative  to  observation  point  satellite  moves  not  with 
constant  velocity,  more  complicated  relationships/ratios  are 
obtained.  For  the  representation  of  calculation  procedure  the 
determination  of  a  Doppler  change  in  frequency  [3.17]  for  the 
simplest  case  is  given  below.  In  this  determination  the  orbit  of  ISZ 
is  selected  circular  and  the  rotation  of  the  Earth  is  not  considered 
that  it  is  considered  permissible  for  ISZ,  which  move  along  the 
orbits  with  a  comparatively  low  altitude. 
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Fig.  3.5.1. 


Fig .  3.5.2. 


Fig.  3.5.1.  To  determination  of  Doppler  change  in  frequency. 

Fig.  3.5.2.  Dependence  of  change  in  frequency  on  velocity  of  motion. 
Page  75. 

Fig.  3.5.3  gives  geometric  constructions,  necessary  for 
calculations  of  Doppler  change  in  frequency,  emitted  by  satellite, 
moving  along  section  of  orbit  TT,  from  which  it  follows 

I*  4.  r*— 2/?rcosD,  (3.5.8) 

where  L  -  distance  between  satellite  C  and  terrestrial  station,  which 
is  located  at  point  A; 


r  -  distance  from  center  of  Earth  to  ISZ; 
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R  -  radius  of  Barth; 


D  -  angle  between  lines  of  centers  of  Earth  with  ISZ  and 
terrestrial  station,  which  is  located  out  of  orbital  plane. 


After  taking  derivative  for  time  from  (3.5.8),  we  will  obtain 

LL*  =  rr'— y?/  cos  Z)  +  RrD'  sin  D.  (3.5.9) 

For  circular  orbit  r'=0;  therefore  expression  (3.5.9)  is 


converted  in 


,,  RriydnD 

(3.5.10) 

Doppler  shift  according  to  (3.5,3) 

(3.5.11) 

Substituting  (3.5.10)  in  (3.5.11), 

we  obtain 

A/=-/, 


RrD'iinD 

c,L 


(3.5.12) 
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Fig.  3.5.3.  On  calculation  of  Doppler  effects 
P.'.ge  76. 

Thus,  for  determining  Doppler  shift  it  suffices  to  know  change 
in  time  of  angle  D.  We  will  use  the  auxiliary  drawing  Pig,  3.5.4. 
Here  arc  T*T  '  corresponds  to  the  projection  to  the  earth  of  the 
section  of  orbit  TT,  shown  in  Fig.  3.5.3,  angle  M  determines  the 
minimum  angular  distance  between  the  projection  of  satellite  and  the 
point  A,  and  points  P  and  N  -  projection  ISZ  on  the  surface  of  the 
Earth. 


From  spherical  triangle  APN  it  follows  that 

cosD  =  cos0cosA4.  (3.5.13) 

It  is  obvious  that  during  motion  of  satellite  angle  M  remains 
constant/invariable;  therefore  time  derivative  of  (3.5.13)  is  equal 
to 

D'sinZJ  =  6'sinecosAf,  (3.5.14) 
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Since  6=(i)st  e''=(Dit,  where  <bk  -  angular  satellite  velocity. 
Therefore  after  substitution  (3.5.14)  in  (3.5.12)  we  will  obtain  the 
value  of  Doppler  frequency  shift 

A ;  «  /?ro>.cosA!aj.n3,/_  .3  5 

let  us  note  that  to  value  of  t*=0  corresponds  shortest  distance 
of  satellite.  Thus,  with  t=0  in  Fig.  3.5.4  projection  of  satellite  to 
the  earth  will  coincide  with  point  N. 


From  (3.5.15)  it  follows  that  change  in  frequency  will  be  large, 
when  angle  M  to  vanish,  i.e.,  in  the  case,  when  projection  of  motion 
of  savellite  (arc  T'T  '  in  Fig,  3.5.4)  passes  through  observation 
point. 


Let  us  consider  motion  of  satellite  along  orbit  1  relative  to 
terrestrial  points/items  A  and  B  Fig.  3.5.5.  At  any  point  of  orbit 
(for  example,  at  point  1  or  2)  the  orbital  satellite  velocity  can  be 
decomposed  on  two  orthogonal  components,  one  of  which  coincides  with 
the  radio  communication  link,  i.e.,  with  the  straight  line,  which 
connects  terrestrial  point/item  with  the  point  of  the  orbit,  where  is 
located  satellite  at  the  moment  of  time  in  question. 

This  resolution  for  points  1  and  2  orbits  I  (see  Fig.  3.5.5)  is 
shown  in  Fig-  3.5.5s  and  3.5.6b  respectively. 


Fig.  3.5.4.  Determination  of  angles. 


Key:  (I).  Center  of  the  earth. 

Page  77. 

From  the  examine  cion  of  Fig.  3.5.6a  ix.  follows,  that  complete  total 
variation  in  the  frequency  on  the  line  of  communications  at  the 
moment  of  passage  by  the  satellite  of  point  1  of  orbit  must  be 
determined  by  a  difference  in  the  frequency  drift,  caused  by  the 
Doppler  effect,  for  the  interval  the  Earth-ISZ  and  the  frequency 
drift  in  the  interval  an  isz-Earth,  i.e.,  according  to  (3.5.3) 

A  /n«,H=  -  ;  r (3.5,  j  6) 

A0 

When  satellite  is  located  at  point  2  (see  Fig  3.5.6),  components 
of  velocity  ~Vr  have  identical  directions  (in  direction  of 
removal/distance  of  satellites  from  points/items  A  and 
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Fig.  3.5.5.  To  determination  of  change  of  frequency  in  communication 
system. 


Fig.  3.5.6.  Versions,  which  determine  sum.  and  difference  in  change  of 
frequency  in  communication  system. 
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Therefore  at  the  moment  of  passage  by  the  satellite  of  point  2  total 
variation  of  the  frequency  in  two  intervals  will  be  determined  by  the 
Siam  of  frequency  drift  in  the  individual  sections  of  the  line  of 
communications,  i.e., 

Value  of  components  Uta  and  can  be  found  from  formulas  (3.5.4) 
and  (3.5.5). 


Let  us  note  that  during  motion  of  satellite  along  orbits,  whose 
projections  are  arranged/located  perpendicular  to  line,  which 
connects  points/items  A  and  B  on  surface  of  Earth  (for  example,  along 
orbit  II  in  Fig.  3.5.5),  total  variation  in  frequency  on  route  will 
be  determined  always  by  siom  of  change  in  frequency,  caused  by  Doppler 
effect,  in  individual  sections. 


For  solving  question  about  that,  will  be  full  deflection  of 
frequency  in  different  cases  determined  by  Siam  or  difference  in 
frequency  deviations  in  individual  sections,  should  be  considered 
direction  of  motion  of  projection  of  satellite  on  surface  of  Earth 
relative  to  each  ground  station. 


Thus,  for  example,  in  the  case  of  moving  satellite  along  orbit  I 
(see  Fig.  3,5.5)  with  the  passage  by  the  satellite  of  point  its  1 
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projection  -  point  1  '  -  will  be  moved  in  the  direction  from  one 
point/item  A  to  the  next  B.  Thus,  in  this  example  the  projection  of 
satellite  will  recede  from  point/item  A  and  approach  point/item  B,  as 
a  result  of  which  the  full  deflection  of  frequency  will  be  determined 
by  a  difference  in  the  frequency  deviations  in  the  intervals  of  the 
line  of  communications  in  question  [see  expression  (3.5.16)]. 

With  passage  by  satellite  of  point  its  2  projection  on  surface 
of  Earth  -  point  2  '  -  will  recede  from  point/item  A  and  point/item 
3;  therefore  full  deflection  of  frequency  will  be  determined  by  sum 
of  frequency  deviations  in  sections  of  line  of  communications  [see 
expression  (3.5.17)]. 

Doppler  effect  will  lead  not  only  to  change  in  carrier 
frequency,  as  this  follows  from  expressions  (3.5.7)  or  (3.5.15),  but 
also  to  strain  o£  transmitted  spectrum,  for  the  explanation  of  the 
aforesaid  let  us  consider  three  different  forms  of  modulation. 

We  will  consider  that  with  OBP  is  transmitted  signal,  whose 
spectrxam  is  limited  by  frequencies  and  F,,  moreover  Fi>F2.  Then  as 
a  result  of  the  Doppler  effect  at  the  point  of  reception/procedure 
instead  of  the  frequencies  indicated  are  accepted  others,  that  differ 
from  those  transmitted  in  (l±v/Co)  once. 
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This  means  that  the  width  of  the  spectrum,  which  in  the  place  of 
transfer  was  in  the  place  of  reception/procedure  it  will  prove  to  be 


^F^Ft—Fi,  (3.5.18) 

in  the  place  of  reception/procedure  it  will  prove  to  be  deformed 


Let  us  consider  now  case  ChM  by  sinusoidal  oscillation  with 
frequency  of  F  with  low  index  of  modulation.  Then  it  is  possible  to 
consider  that  the  modulated  signal  consists  of  oscillations  with  a 
carrier  frequency  of  fo  and  oscillations  with  lower  and  upper  lateral 
frequencies  of  f#+F  and  fo+F*.  As  a  result  of  the  effect  of  the 
Doppler  effect  the  frequencies  of  the  modulated  signal  will  take  the 
following  values: 


-  the  carrier  frequency 

/o  ( 1  ±  =  /o  ±  /o  —  =/i  ±  A  /o.  (3.5.20) 

-  the  lov;er  lateral 

ifo-nh  ±  -)  =  U-F  ±  /o  -^  +  f =  /o  ±  F-^]  . 

-  the  upper  lateral 

From  these  expressions  it  follows  that  difference  between 
carrier  frequency  and  any  of  lateral  as  a  result  of  effect  of  Doppler 
effect  is  equal  to  F(l+j'/Co).  Therefore  after  detection  we  will 
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obtain  a  change  of  the  modulating  frequency  into  the  number  of  times, 

*s 

equal  to  (l±v/Co).  If  we  consider  ChM  with  large  the  index  of 
modulation,  and  also  with  modulation  serrated  signal  it  is  possible 
to  make  the  conclusions  that  Doppler's  phenomenon  will  lead  to  a 
change  in  the  modulating  frequencies  and  width  of  the  spectrum  in 
(Itj'/c,)  once.  These  conclusions/outputs  are  valid  also  for  AM  and 
FM. 


Examination  of  such  forms  of  pulse  modulation  as  amplitude, 
latitudinal  or  phase  AIM,  ShIM  and  FIM) ,  shows  that  also  in  these 
cases  effect  Doppler  effect  leads  to  strain  of  spectrxjm  of 
transmitted  signal  and  produces  change  of  modulating  frequencies  in 
{l±p/Ct)  once  for  all  components  of  spectrxjun  (including  for  clock 
frequency,  which  determines  sequence  of  unmodulated  sequence  of 
pulses/momenta) . 


One  should  note  that  in  communication  systems  through  ISZ  value 
Po/c  is  equal  to  approximately  10'®  and  it  is  less. 

Page  80. 

Described  change  in  spectrum  of  signal,  which  is  developed  as  a 
result  of  Doppler  effect  for  enxamerated  forms  of  modulation,  means 
that  duration  in  time  of  transmitted  signal  will  be  changed  in 
{l±p/Ce)  times.  This  means,  for  example  that  the  duration  of  moving 
picture  at  the  point  of  reception/procedure  will  prove  to  be 
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different,  than  at  the  point  of  transfer.  Difference  in  the  duration, 
certainly,  will  be  very  low  and  in  the  case  of  the  transfer  of  moving 
picture  virtually  by  anyone  will  not  be  noticed;  however,  during  the 
transfer,  for  example,  the  impulses/transmissions  of  standard 
duration  or  standard  frequencies  this  phenomenon  it  is  necessary  to 
consider. 

With  KIM  Doppler  effect  will  produce  change  in  clock  frequency. 

For  decreasing  effect  of  Doppler  shift  of  carrier  frequency  it 
is  possible  to  use  two  methods.  In  the  first  of  them  in  the  receivers 
is  used  APCh  and  installation  at  the  input  of  sufficiently  broadband 
filters.  The  second  possible  method  consists  in  tho  fact  that  with 
the  previously  known  parameters  of  orbit  IZS  and  the  coordinates  of 
terrestrial  station  it  is  possible  to  preliminarily  compute  the 
dependence  of  Doppler  shift  in  the  time  and  to  realize  the 
appropriate  shift  of  the  carrier  frequency  of  transmitter.  In  this 
case,  obviously,  it  is  necessary  to  correspondingly  expand  the  filter 
pass  band  of  transmitter. 

Let  us  note  that  any  of  methods  described  above  is  not  removed 
strain  of  spectrum  of  signal. 


3.6.  Efficiency  of  feeders 
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Ratio  of  active  power,  which  is  isolated  in  load  at  end/lead  of 
feeder,  is  called  efficiency  of  feeder  to  total  active  pov^er, 
conducted/supplied  to  its  beginning.  The  efficiency  of  feeder  it  is 
possible  to  express  through  the  traveling-wave  ratio  kbv  on  the 
voltage/stress  (k),  .  the  linear  attenuation  and  Np/m  and  the  length 
feeder  l  m  as  follows  [3.5]: 

■>2^=  /  TT  •  (3.6.1) 

cfa  2a  /  4-  0,5 1 /c  -f  ~  1  sh2a  / 

If  2a/«l,  then  it  is  possible  to  count  sh2a/*2a/  and  ch2a/*=l; 


in  this  case 


(3.6.2) 


Dependence  tj*  on  value  a/  with  different  values  kbv.  constructed 
according  to  expression  (3.6.1),  is  given  in  Fig.  3.6.1. 

Page  81. 

Let  us  note  that  the  value  of  kbv  on  the  voltage/stress  is  connected 
with  the  coefficient  of  reflection  p  with  the  following  dependence; 

For  rectangular  waveguide  with  usually  utilized  wave  H, i  decay 
constant  can  be  determined  according  to  following  expression  [3.5]; 


# 
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a  = 


1  +  24( 

^)1 

bV  ] 

T 

Np/m .  (3.6.4). 


Here 


Xo  -  wavelength  free  space,  m; 

7  -  conductivity  of  metal,  S/m  (for  copper  7=5.8*10’  S/m); 


b  and  a  -  height/altitude  and  the  width  of  the  cross  section  of 
waveguide,  m; 


f  -  frequency,  Hz; 


n  -  magnetic  permeability,  H/m,  moreover  for  the  free  space 


’  H/m. 


For  circular  waveguide  during  use  of  wave  Hu  decay  constant  can 
be  found  from  expression 


a  = 


y 


ajr  |/l  _  0,0087  ^ 


^Jo,087|~j*  +  0,43  j  ,  (3.6.5) 
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Fig.  3.6.1.  Dependence  of  efficiency  of  feeder  on  al  with  different 
KBVN. 


Key :  ( 1 ) .  Np . 
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Here  a  -  radius  or  waveguide,  m. 

W=120  ir. 


Remaining  designations  coincide  with  those  accepted  for  expression 
(3.6.4).  Expressions  (3.6.4)  and  (3.6.5)  are  derived  under  the 
assumption  that  the  conductivity  of  the  walls  of  waveguide  does  not 
have  a  noticeable  effect  on  the  structure  of  field  in  it.  This 
assumption  is  justified  in  such  a  case,  when  waveguide  is  made  from 
the  materials,  which  have  high  conductivity  in  the  range  of  shf/SVCh 


DOC  =  86120405 


PAGE 


^  A' 
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(copper,  brass,  aluminum,  silver ,'  etc. ) . 


Formulas  (3.6.4)  and  (3.6.5)  do  not  consider  roughness  of  walls 
of  waveguides,  it  is  obvious  that  its  account  will  lead  to  an 
increase  of  the  decay  constant,  as  a  result  of  which  the  real  value 
of  coefficient  a  will  differ  from  the  values,  calculated  according  to 
formulas  (3.6.4)  and  (3.6.5),  on  10’ ®-5*10' *Np/m. 


In  number  of  cases  coefficients  a  are  expressed  in  decibels,  in 
reference  to  feeder  by  length  of  100  m.  Talcing  into  account  that  1 
nep=8.68  db,  it  is  possible  to  obtain  the  following 
relationship/ratio:  a[Np/m]=8.68»10' *a' ;  here  a  '  has  the 
dimensionality  of  db/100  m. 


Table  3.6.1  gives  values  of  linear  attenuation  of  some 
waveguides,  calculated  with  X=8  cm  [3.18]. 


i!K55S§?35S?^>>:..^^ 


DOC  =  86120405 


PAGE 


Table  3.6.1. 


CO 

iMttpnM 

npowAHuoeik  no 
oociounniiy  tony 

~TXr 

norouBoa 

npa  XaiS 

UTyx«MBe  a'  l - ) 

\I00  Ml 
cr,  win  KMiaowAo* 

f'O 

rnyCMHi  npo* 

1  iniKiiOfteHiiii  roKtt 

fSx2S  -mjk 

72x34  MM 

07C  MM 

IMM) 

Meju>{  S3 

5.8- 10» 

2,86 

1.68 

1.25 

1,1-10-3 

3,48-10’ 

3,68 

2,17 

1,62 

1,41-10-3 

JlaryHb  c  coAep- 

i 

wamieu  ueAHC'^  \ 

96%  ^ 

4,07-10’ 

3,4 

2.0 

1.49 

1,31- 10-3 

90% 

2,62-10’ 

4,34 

2.55 

1.89 

1,67-10-3 

70% 

1,65-10 

5,38 

3,16 

2,32 

2,07-10-3 

60% 

1,61-10’ 

5,6 

3.3 

2.44 

2,14-10-3 

Cepefipo 

6,27-10’ 

2,72 

1.6 

1.2 

1,05-10-3 

Key;  (1).  Material.  (2).  Conductivity  for  direct  current  7,  (S/m). 


(3) .  Linear  attenuation  a’(db/100  m) 

(4) .  Depth  of  penetration  of  current 
Aluminum.  (7).  Brass  with  content  of 
Page  83. 


with  X=8  cm,  for  waveguides 
(mm).  (5).  Copper.  (6). 
copper.  (8).  Silver. 
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Chapter  4. 

NOISE  LEVEI>  AT  THE  INPUT  OF  A  RECEIVER. 

4.1.  Initial  p;>sitions. 

The  noise  level  at  the  input  of  a  receiver  is  defined  both  by 
the  value  of  its  own  thermal  noises  of  the  receiver  and  by 

intensity  of  noises  of  different  sources  and  circuits  external  with 
respect  to  the  receiver.  Ambient  noises  include:  the  radio  emission 
of  the  atmosphere,  which  has  thermal  character,  thermal  noises  of  the 
Earth  and  antenna,  and  also  thermal  noises  created  by  different 
circuits  connected  to  the  input  of  the  receiver  (by  feeders,  by 
filters,  etc,).  Furthermore,  considerable  noise  level  at  the  input  of 
a  receiver  can  be  created  by  extraterrestrial  sources  -  radio 
emissions  of  the  sun,  moon,  and  planets  and  by  space  radio  emissions. 

Radio  emissions  of  the  sun,  which,  as  show  radio-agtronomical 
observations,  in  remaining  on  the  average  constants,  have  both 
short-term  periods  of  an  increase  in  level  during  1-2  mir.  (repeating 
after  20-30  min)  and  prolonged  periods  of  an  increase  in  radiation 
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level,  are  most  intense.  The  latter  are  approximately  ten  days  per 
anniun  in  the  per  ds  of  the  maxima  of  solar  activity,  repeating, 
approximately,  in  11  years. 


Coomic  I'adio-f requency  radiation  is  determined  by  two  forms  of 
sources:  by  sources,  which  are  located  within  limits  of  our  galaxy 
(galactic  radio  emission),  and  by  sources,  which  are  located  beyond 
its  limits  (metagalactic  radio  emission).  Cosmic  rad -o-f requency 
radiation  in  the  space  is  distributed  unevenly,  moreover  angular 
dimensions  and  intensity  of  the  emission  of  the  sources,  observed 
from  the  Earth,  prove  to  be  different:  together  with  the  very 
extended  sources  with  the  low  power  of  radio  emission  it  is  possible 
to  observe  comparatively  powerful/thick  sources,  whose 
sizes/dimensions  comprise  several  angular  minutes  (Cassiopeia-A, 
Cygnus-A,  etc.). 

Page  85. 

By  nature  galactic  radio  emission  can  be  subdivided  into  two 
groups:  to  thermal  and  nonthermal. 


Nonthermal  radio  emission  is  determined  by 
oscx Hat ions/vibrations  of  inhomogeneous  plasma  and  by  emission  of 
relativistic  electrons  in  presence  of  magnetic  field.  Nonthermal 
radio  emission  distributed  in  outer  space  almost  evenly  and 

predominates  on  the  longer  waves  than  thermal  (approximately 

w 
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increasing  with  an  increase  in  the  wavelength  proportionally 

Thermal  radio  emission  predominates  on  waves  of  shorter  than 
1-1.5  m  and  virtually  it  does  not  depend  on  frequency. 

Solar  noise.  Moon,  planets  and  discrete/digital  sources, 
distributed  cosmic  radio-frequency  radiation  they  are  characterized 
by  continuous  spectrum  and  it  is  very  weakly  polarized. 


Knowing  character  of  motion  of  satellite  relative  to  sources  of 
cosmic  radio-frequency  radiation,  it  is  possible  to  previously 
predict  moments  of  time,  when  the  receiving  antenna  proves  to  be 
simultaneously  directed  toward  the  source  of  the  signal  and  source  of 
cosmic  radio-frequency  radiation.  In  this  case  the  ratio  of  the 
received  signal  to  the  total  value  of  noises  must  not  be  lower  than 
the  certain  assigned  magnitude,  determined  by  the  parameters  of  the 
system  of  communications  (by  form  of  modulation,  with  the  power  of 
transmitters,  by  antenna  gain,  by  receiver  circuit,  etc.).  This  in 
the  equal  measure  relates  both  to  the  section  of  communication  the 
Earth-ISZ  and  to  the  section  of  the  ISZ-Earth.  On  the  basis  of  the 
given  considerations  it  is  possible  to  consider  that  the  total  power 
of  the  noises  at  the  input  of  the  receiver  is  determined  by  the 


following  components: 


PfC  —  Pa  np  +  /’a  +  P(p  Prcch- 


(4.1.1) 
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Here  Pmup  -  inherent  noise  of  the  receiver; 

Pa  “  antenna  noises  taking  into  account  thermal  noises  of 
atmosphere,  noises  of  Earth  and  effect  of  radome; 

-  noises,  created  by  feeder  and  other  circuits,  connected  to 
the  input  of  the  receiver; 

Pmch  ~  noises  created  by  radio  emissions  of  the  sun,  moon  and 
planets  and  by  space  sources. 

In  subsequent  sections  of  this  chapter  the  determination  of  the 
values  and  enumerated  components  of  the  noises  is  examined. 

4.2.  Noise  temperature  of  quadrupoles  and  receivers. 

Noisiness  of  quadrupoles  it  is  accepted  to  characterize  by  noise 
factor  or  by  efficient  noise  temperature. 

Page  06. 

Ratio  of  total  power  of  noise  at  the  output  of  the  quadrupole, 
determined  in  a  single  frequency  band,  is  called  the  factor  of  noise 
of  quadrupole  at  certain  frequency  to  power,  caused  by  noises  of 
input  rer.istance,  at  standard  noise  temperature,  which  usually  take 
as  equal  to  To=2eo“K  [4.1].  Thus,  considering  that  the  transmission 
factor  of  quadrupole  according  to  the  power  is  equal  to  M,  in 
accordance  with  the  determination  we  obtain 

p' 

ui  = 


(4.2.1) 
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Here  k=1.38*10'*^  J/deg  -  Boltzmann  constant. 


Let  us  establish  the  dependence  between  factor  of  noise  and 
efficient  noise  temperature  of  quadrupole.  If  on  the  input  resistance 
of  the  quadrupole  with  the  transmission  factor  M  a  certain  source  in 
the  band  of  frequencies  Af  there  develops  the  nominal  power  of  the 


noise 


(4.2.2) 


then  at  the  output  of  the  quadrupole  in  the  same  frequency  band  the 
nominal  power  of  noise  will  be  equal  to  the  sum  of  the  power  of. 

noises,  obtained  during  the  amplification  of  noises,  subject  from 
source  and  the  inherent  noise  of  quadrupole  Pa,  Thus, 

—^Ltx  Hence  follows  that  the  power  of  the  inherent  noise 

of  quadrupole,  in  reference  to  its  input,  upon  consideration  of 
(4.2.1)  and  (4.2.2),  can  be  expressed  thus: 

^  «  ==  kT,hfm-kT,^f=kToAf{m- 1). 

(4.2.3) 

Quadrupole  examined  with  respect  to  noises  can  be  substituted  by 
certain  two-terminal  network,  which  has  such  efficient  noise 
temperature  fa,  at  which  two-terminal  network  on  matched  load  in 
frequency  band,  equal  band  of  frequencies  of  quadrupole,  develops 
power  Pnb  equal  to  power  of  inherent  noise  of  quadrupole,  converted 
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to  its  input.  Keeping  in  mind,  that  for  the  two-terminal  network 

=  (4.2.4) 

and,  equalizing  (4.2.3)  and  (4.2.4),  let  us  rind 

r,=r,(iz/-i).  (4.2.5) 

Hence 

*  1  4-  .  (4.2.6) 

r. 

Page  87. 

From  expre.ssion  (4.2.5)  it  follows  that  efficient  noise 
temperature,  equal  to  zero,  corresponds  to  noise  factor,  equal  to 
one.  Let  us  note  that  into  expression  (4,2.5),  just  as  into 
expression  (4.2.1),  the  noise  factor  enters  together  with  temperature 
To,  standard  for  determining  the  noise  factor.  Without  the  indication 
of  this  temperature  (usually  it  it  is  taken  as  the  equal  to  290®K) 
the  value  of  noise  factor  does  not  have  a  sense. 

Let  us  note  that  in  ail  givtn  considerations  it  was  assxamed  that 
factor  of  noise  m  and  value  of  transmission  factor  of  quadrupole 
according  to  power  M  in  band  of  frequencies  Af  in  question  were 
constant/invariable  and  identical  with  any  value  of  frequency  f, 
which  lies  at  band  Af. 

In  examination  of  quadrupoles  very  wide  passband  it  is  necessary 
to  consider  with  fact  that  values  M  and  IE,  found  for  the  maximally 
narrow  bands  of  frequencies  df ,  which  lie  within  the  cut-off 
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frequencies  fi  and  fj,  can  prove  to  be  different  (Fig.  4.2.1).  Thus, 
in  the  general  case  these  values  can  be  the  functions  of  frequency, 
i.e.,  M=M(f)  and  in=EI{f),  where  value  f  is  taken  within  the  band  of 
frequencies  f^sfsf ,  in  question. 


It  is  obvious  that  in  general  case  power  of  noises  at  the  output 
of  the  quadrupole  in  the  band  of  frequencies  Af=fj-fj  will  be 
determined  by  expression 


(4.2.7) 


Let  us  note  that  the  concept  "broad  band"  of  transmission  of 
quadrupole  implies  that  difference  f^-fi  proves  to  be  of  the  same 
order  as  maximum  cut-off  frequency  of  f,.  In  practice  frequently  it 
is  necessary  to  deal  concerning  the  selective  networks,  which  have  a 
comparatively  narrow  passband,  on  boundaries  of  which  with  values  of 
f=fi  and  f=f2  value  M(f)'u  (Fig.  4.2.2).  In  this  case  the  concept 
"narrow  band"  means  that 


(4.2.8) 
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Fig.  4.2.1.  Derivation  of  formula 
Fig.  4.2.2.  Derivation  of  formula 
Page  88. 

Specifically,  to  such  narrow' 
conditions  (4.2.8),  the  input  and 
equipment  can  be  referred. 


4.2.7. 

4.2.9. 

band  quadrupoles,  which  satisfy 
tuned  amplifiers  of  radio  receiving 


With  satisfaction  of  condition  (4.2.8)  usually  it  is  possible  to 
consider  that  in  entire  band  of  frequencies,  where  M(f)  noticeably 
differs  from  zero,  factor  of  noise  HKf)  proves  to  be  virtually 
constant/invariable  and  therefore  it  can  be  carried  out  as  integral 
sign.  Consequently,  instead  of  (4.2.7)  we  will  obtain 


mwm 


=  kT,m  ly(f)df  =  kT,Ul 


(4.2.9) 


A  change  in  integration  limits  is  determined  by  the  fact  that 
with  f<fi  or  f>f,,  usually  value  M(f)=0.  Introducing  the  concept  of 
the  amplitude- frequency  characteristic  F(f)  of  quadrupole,  it  is 
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possible  to  register 

AHf)=MaF*(f),  (4.2.10) 

where  Mo  -  transmission  factor  of  quadrupole  according  to  the  power, 
found  for  the  certain  "central"  frequency  fo.  Value 

=  ^  (4.2.11) 

characterizes  the  ratio  of  the  power  of  oscillations,  removed  from 
the  output  of  the  quadrupole  during  the  successive  feed  to  its  input 
of  identical  with  respect  to  value  of  voltages  to  frequency  f  and  to 
a  "central"  frequency  of  f#.  Then  after  substitution  (4.2.10)  in 
(4.2.9)  we  obtain 


where 


(4.2.12) 


(4.2.13) 


Expression  (4.2.13)  determines  the  value  of  resulting  noise 
bandwidth  Af*,  which  is  equal  to  the  foundation  of  rectangle  with 
single  ordinate.  The  area  of  this  rectangle  is  equivalent  the  area, 
formed  by  the  axis  of  abscissas  and  curved,  obtained  by  plotting  the 
dependence  of  the  square  of  the  relation  of  ordinates,  the 
amplitude- frequency  characteristic  of  quadrupole  at  frequencies  f  and 
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Fig.  4.2.3.  Determination  of  noise  bandwidth. 

Page  89. 

It  is  possible  to  show  [4.2]  that  if  we  serially  connect  n 
amplifiers  (quadrupoles) ,  each  of  which  is  characterized  by  its  own 
factor  of  noise  Uln  and  by  transmission  factor  according  to  power  at 
"central"  frequency  (index  m  it  indicates  reference  number  of 

one  of  the  n  amplifiers),  then  the  common  noise  factor  is  connected 
with  factor  of  noise  of  separate  amplifiers  by  the  following  ratio; 


lU  =  Uli4-  . a. 

Afi 

lUt—\  A/*(3,4.  .  .  . ,  n)  ,  , 

'  kA  u  T~C  '  r  •  •  .  T*  MU. 


am 


iMt  .  . 


(4.2.14) 


Here  Af*  (m,  m+1,...,  n)  is  determined  resulting  noise  bandwidth 
of  series-connected  amplifiers  (quadrupoles),  beginning  from  the 
nimiber  m;  A/,  -  resulting  noise  bandwidth  of  all  n  series-connected 
amplifiers  (quadrupoles). 


Let  us  establish  connection/communication  between  resulting 
noise  bandwidth  of  the  n-cascade  amplifier  and  passband  of  this 
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amplifier  A/0,7,  which  is  determined  it  is  determined’ on  detuning, 
which  corresponds  to  decay  in  amplitude- frequency  characteristic  to 
level  0.7  from  maximum  value.  It  is  obvious  that  in  accordance  with 
(4.2.13)  the  noise  bandwidth  of  the  n-cascade  amplifier 

Results  of  calculating  [4.3]  this  integral  for  tuned  amplifiers 
with  circuits  tuned  for  ona  frequency  and  with  band  circuits  are 
given  in  Table  4.2.1. 
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Table  4.2.1. 


Hmcjio  KKxaAot 

1 

3 

3 

i 

S 

« 

- 

OiHomeuHe  V7~ 
^/o.7 

MX  peaoBaucHbix 
KourypoB  fX)  1 

1.57 

1.22 

1.16 

1,13 

1.11 

1.10 

1,06 

OTHomeuHe  — 

^'0,7 
nOJIOCOBUX  KOU- 
rypoB  k) 

1.11 

1,04 

i 

i  1.02 

1.014 

1.00 

1.00 

1.00 

Key;  (1).  Number  of  cascades.  (2).  Relation  ...  for  resonant 
circuits.  (3).  Ratio  ...  for  band  circuits. 

Page  90. 

From  Table  4.2.1  it  follows  that  when  nS4  with  an  accuracy 
sufficient  for  practical  calculations,  it  is  possible  to  consider 
that  =A/o,7.  that  noise  bandwidth  of  multistage  amplifier  is  equal 
to  passband  of  amplifier. 

Let  us  turn  to  an  examination  of  expression  (4.2.14).  Since  for 
amplifiers  from  (4.2.14)  it  follows  that; 

1)  the  factors  of  the  noise  of  the  last  amplifier  stages  affect 
the  common  noise  factor  considerably  less  than  the  factors  of  the 
noise  of  the  first  cascades; 

2)  for  reduction  in  the  common  noise  factor  it  is  desirable  so 
that  first  stages  of  the  amplifier  would  have  largers  possible 
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factors  of  amplification  and  narrower  frequency  band  so  that  the 
resulting  band  of  frequencies  of  the  network  of  amplifiers  would  be 
determined  precisely  by  the  first  cascades. 


Let  us  note  that  in  the  literature  relationship/ratio  (4.2.14) 
sometimes  is  given  in  the  form 


W-,-\  ■ 


Uln-X 


From  a  comparison  of  the  last  expression  (4.2.14),  it  follows 
that  this  recording  is  valid  when 


!«) ~  4/* (3.4 . n) ^  _  Ar(«)  _  , 

AA,  •  *  *  A/„ 


This  i'»  possible  if  all  series-connected  amplifiers  have  an 
identical,  strictly  rectangular  amplitude-frequency  characteristic. 


When  the  band  of  frequencies  of  the  amplifiers  is  determined  by 
second  cascade/stage,  i.e., 

A/*(2,3,  .  .  n)ssA/, 

and  the  amplification  factors  are  so  great  that  in  expression 
(4.2.14)  it  is  possible  to  disregard  all  terms  beginning  from  the 
third,  we  will  obtain 

(4.2.16) 

M, 

For  calculating  the  efficient  noise  temperature  of 
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seriess-connected  amplifiers  we  will  use  expression  (4,2.6),  after 
registering  it  in  the  for.m; 

*  % 

Then  with  substitution  into  (4.2.14)  after  conversions  we  obtain 


d/*(3.4. 


..  .(4.2.17) 


Page  91. 

Hence  follows  that  total  efficient  noise  temperature  is 
determined  to  a  considerable  degree  by  value  of  transmission  factors 
according  to  power  of  first  stages  of  amplifier. 


In  uhe  case  of  satisfaction  of  conditions,  formulated  in 
obtaining  of  expression  (4.2.16',  we  find 


(4.2.18) 


Values  of  Tai.  Tgz  and  are  determined  by  schematic  of  first 
amplifier  stages.  The  efficient  noise  temperature  of  radio  receiving 
equipment  in  the  dependence  on  the  diagrams  of  the  first 

scades/stages  can  take  the  different  values,  which  differ  into 
hundreds  of  times.  Fig.  4.2.4  gives  approxi.mate  values  To  for 
receivers  with  different  input  cascades. 
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One  should  note,  that  low-noise  input  ca<-’cades  are  complicated  in 
manufacture  and  operation.  Therefore,  the  selection  of  the  receiver, 
for  example,  with  the  laser,  must  precede  the  technical-economic 
comparison  of  this  receiver  with  other  possible  versions.  At  the  same 
time  the  selection  of  the  diagram  of  the  input  device  of  the  receiver 
must  be  determined  by  gain  in  the  value  of  total  noises.  Thus,  for 
example,  in  accordance  with  expression  (4.1.1),  the  installation  of 
the  low-noise  input  devices  of  the  receiver  Jfor  example,  laser)  i.s 
appropriate  only  then,  when  the  sum  of  the  remaining  components  of 
noises  at  the  input  of  the  receiver  (Pat-Po  ^•PKocM)  proves  to  be  of  the 
same  order  as  the  inherent  noise  of  the  receiver.  The  case,  when 
PA±P*+PKocii>Pninp,  characterizes  the  incorrect  selection  of  the  diagram 
of  the  input  device  of  the  receiver,  which  causes  excessive 
complication  and  rise  in  price  of  the  receiver.  In  this  case  the 
transition/junction  to  the  simpler  input  device  is  advisable, 
although  the  amount  of  rhe  total  power  of  noises  at  the  input  of  the 
receiver  in  this  case  somewhat  will  increase. 


DOC  =  86120406  PAGE 


ipucmonauitMut 

:fieeumuu(t) 

lapanempuieMue 

HdanmcSuBt^ 
^cu/iumem  v/ 


Fig.  4.2.4.  Values  r»  of  receivers. 

Key;  (1).  Crystal  mixers.  (2).  Tunnel  diodes.  (3).  Parametric 
amolifiers.  (4).  Lasers.  (5).  MHz. 

Page  92. 

Let  us  consider  now  the  case  of  series  connection  of  attenuator, 
i.e,,  cjuadrupole  with  transmission  factor  according  to  power 
or  with  coefficient  of  weakening 


(4.2.19) 


Let  us  represent  attenuator  in  the  form  of  overall  equivalent 
diagram,  formed  by  the  T-connection  of  resistors  of  R*,  R^  and  R, 
(Fig.  4.2.5),  coordinated  with  the  input  resistance  If  the 
weakening  due  to  losses  in  the  attenuator  is  equal  to  then  under 
the  matching  condition  the  value  of  resistances  is  determined  as 


follows: 


^1= 


-Rt  •  (4.2.20) 

—  * 

D  _  2  B^jRixRtux 

A3  —  - - 5 - i - 
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We  will  consider  that  the  attenuator  has  a  temperatxj.re  i.e,, 
each  of  the  resistors  of  ,  Rj,  Rj  is  heated  to  temperature  T^t  and, 
consequently,  for  each  of  them  certain  noise  emf 

e,  =  4kT,r^fR„  (4.2.21) 

where  index  k  determines  index  of  resistors/resistances  of 
attenuator,  is  created. 


In  this  case  power  of  noises  at  the  output  of  the  attenuator 

Ruizbtx  Will  he. 


P uiMa  — 


«!  /?3  Rtux  +  ^  (Ptx  +  l?l  +  Ra)*  Rmx  +  ^  (Rax  +  ^i)*^b*ix 


[(Ran  +  +  Ra)  (Raux  +  +  Ra)  — 

Ak'P  D  At  R*(Rxx-i- Ri'h  Ra)-h  RaiRax-h  Ri)* 

—  4kTgjRf^  a  f  - — —  . 

{ (/?«  +  /?i  +  Rt)  (Raux  +  ft  +  ft)  ~  «3j 

After  substitution  of  expressions  (4.2.20)  and  conversions 


P^aaa  =  --=  kTgr^fd  -Ai„).  (4.2.22) 

Pgj 


Let  us  find  the  efficient  noise  temperature  of  matched 
attenuator  in  the  absence  at  its  input  of  signals.  For  this  we  use 
the  already  used  previously  procedure:  we  will  consider  that  power 
Pmaux  is  equal  to  the  power  of  noises  Pn,  of  a  certain 
resistor/resistance,  heated  to  temperature  Tia^x.  i*e* 

/^o.  =  *7’s«xA/. 
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Pig-.  4,2.5.  Equi%'aient  diagram  of  attenuator. 

Page  ?3. 

Equalizing  this  expression  to  value  Pmaux*  found  from  (4.2.22), 
we  will  obtain 

n««=  =  7’„(l-/Mat).  (4.2.23) 

"at 

Prom  this  expression  it  follows  that  when  transmission  factor  of 
attenuator  Mat-^O  (coefficient  of  weakening  BaT-»-c»),  effective 
temperature  at  its  output  proves  to  be  equal  to  temperature,  to  which 
it  is  heated.  When  the  attenuator  does  not  introduce  the  attenuation 
(Bat-*-!),  its  effective  temperature  becomes  equal  to  zero. 

Let  us  note  that  expressions  (4.2.22)  and  (4.2.23)  are  identical 
to  results,  obtained  in  [4.3]  by  another  method. 

In  number  of  cases  it  is  necessary  to  know  effective  temperature 
of  the  attenuator,  in  reference  to  its  input.  Let  us  fulfill  for  this 
the  appropriate  conversions,  taking  into  account  that  transmission 
factor  Max  and  the  coefficient  of  weakening  of  the  attenuator  are 


I|i|ll|ll|il  I  I  Ml  IHiWI  I  I  ■  ■  <  I  ^  'll  I"  I  I  I  »IBIIIIitH  Id  I  II  ^  i' 
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connected  by  the  relation  (4.2.19). 


It  is  obvious  that  the  power  of  inherent  noise  of  the 
attenuator,  converted  to  its  input,  can  be  determined  upon 
consideration  cf  expression  (4.2.22)  as  follows: 


~  =  kT„AfiB„- 1)  =  Ar.,  A/ 


Introducing  into  the  examination  the  two-terminal  network, 
equivalent  according  to  power  of  noise  with  effective  temperature 
Titx.  equating,  let  us  find 


=  T„  (B„-  D-  T„ 


(4.2.24) 


On  the  basis  of  expression  (4.2.24)  it  is  possible  to  draw 
conclusion  that  switching  on/inclusion  of  attenuator  leads  to  an 
increase  in  the  efficient  inlet  temperature. 


We  use  expression  (4.2.24)  for  calculating  efficient  noise 
temperature  of  feeder,  which  combines  the  antenna  with  the  receiver. 
Keeping  in  mind  that  the  value  of  efficiency  of  the  feeder, 
introduced  in  Section  3.6,  is  connected  with  the  coefficient  cf 
division  with  the  relationship/ratio 


upon  consideration  of  expressions  (4.2.24)  and  (3.6.1)  with  the 


replacement  of  subscripts  "ax"  (attenuator)  by  "4)"  (feeder),  we  will 
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obtain 

^  -cli2a/-l-0,5^/!+-^jsli2a/-l.  (4.2.25) 

In  this  expression  determines  the  efficient  noise 

temperature  of  the  feeder,  converted  to  its  input,  and  r<t.  -  physical 
temperature  of  the  feeder.  In  Fig.  4.2.6  in  accordance  with 
expression  (4.2.25)  the  graphic  dependences  with  the  different  values 
of  the  k6b  [kbv  -  travelling-wave  ratio]  are  constructed. 

Page  94. 

From  expressions  (4.2.24)  and  (4.2.25)  it  follows  that  switching 
on/inclusion  of  attenuator  (or  feeder  with  certain  attenuation) 
unavoidably  leads  to  increase  in  effective  temperature,  converted  to 
its  input.  In  this  case,  if  temperature  raT*=290®K  when  Bar  =  1^6  (1 

dB) ,  efficient  noise  inlet  temperature  raBx=75,5°K;  when  Bar  =1.023  (0.1 
dB)—  raBx=6,7“K. 

Thus,  introduction  of  attenuation  to  1  dB  leads  to  an  increase 
in  the  inlet  temperature  of  75.5®K,  and  each  tenth  of  a  decibel 
attenuation  increases  the  inlet  temperature  by  approximately  7®K. 
Hence  it  follows  that  if  the  noise  temperature  of  the  antenna, 
directed  to  a  certain  point  of  the  firmament,  is  equal  to  20®K,  then 
in  the  case  when  the  antenna  is  connected  with  the  receiver  by  feeder 
with  k=l  and  attenuation  1  dB,  this  will  be  equivalent  so  that  at  the 
input  of  the  feeder  (at  the  output  of  the  antenna)  the  total 
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efficient  noise  temperature  will  be  20“+75.5°=95. S^K.  But  if  between 
the  antenna  and  the  receiver  feeder  will  be  without  the  attenuation, 

efficient  noise  inlet  temperature  of  it  will  be  20°K.  Hence  it 

\ 

follows  that  the  attenuation  of  the  feeder  will  lead  to  a 
considerable  increase  in  the  value  of  noises  at  its  input  (in  the 
examined  case  95.5/20*5  times). 


4.3.  Intensity  of  the  emission  of  space. 


With  the  reception  of  signals  emitted  by  the  moving 
communication  satellite,  terrestrial  antenna  system  in  process  of 
"tracking"  satellite  must  be  directed  for  different  regions  of 
celestial  sphere.  Consequently,  picking  up  signal,  emittec  / 
satellite,  antenna  will  accept  the  radio  emissions  of  diff  ’nt  space 
sources,  which  have  both  discrete/digital,  and  distributed  aracter. 
Space  sources  usually  characterize  by  using  concepts  of  the  spectral 
density  of  flow  and  spectral  intensity  of  radio  emission. 
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Fig.  4.2,6.  Change  in  r,  at  the  input  of  the  feeder  with  different 
attenuation  and  k6b. 

Key;  (1),  Np.  (2).  dB. 
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Spectral  density  of  flux  of  radio  emission  is  determined  by 
the  power  emitted  by  the  source  in  single  frequency  band  and  passing 
through  single  area/site  in  direction  of  normal  to  this  area/site. 
The  spectral  intensity  J  or  the  brightness  of  the  source  of  radio 
emission  defines  as  the  limit  of  the  spectral  density  of  power  flux, 
in  reference  to  infinitesimal  solid  angle.  Therefore  J  is  connected 
with  the  flow  4>  by  the  dependence 


j  =  W/m*«Hz«sr, 

AQ 


(4.3.1) 


where  AO  -  solid  angle  (in  the  steradians).  From  this  expression  it 
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follows 


0=1  JdU^ 


(4.3r2) 


where  Q„  -  solid  angle  of  source. 


In  n;jinber  of  cases  to  more  conveniently  use  concept:  of 
brightness  temperature  Th,  which  is  equivalent;  temperature  of 
blackbody  (®K)  of  the  same  geometry,  as  observed’  source,  and  having 
at  this  frequency  in  this  direction  the  same  spectral  intensity..  She 
functional  dependence  of  the  temperature  of  blackbody  and  spectral 
intensity  is  determined  by  Planck  law? 


k* 


he. 


- — . 


Hence,  knowing  J,  it  is  possible  to  find  temperatures  T„  of 
blackbody.  Here  h  -  Planck’s  constant;  k=1.38*10‘*’  J/deg  -  Boltzmann 
constant;  X  -  wavelength  of  the  radio  emission  adopted;  Co=3‘10^* 
cm/s  -  speed  of  light. 


In  radio-frequency  range  usually  and  spectral  intensity 

X 

of  blackbody  can  be  described  by  approximate  expression  of 
Rayleigh-Jeans: 

(4.3.3) 


/  _ 

X* 


Taking  into  account  (4.3.2),  let  us  find  that  the  flow  in  the  limits  4^ 


D0C  =  86^20W)6 


PAGE 


of  solid  aucie  Su  at  a  unitorair  temperature  of  source  will  be 

(4.3.4) 

Page  9&. 

Let  us  d^ermine  power  on  maatched  termination  of  ideal  antenna  A 
(i.e.  this  antenna,  which  loss— free  and  minor  lobes),  directed  in 
ditr-ection  of  blacfcbody.  We  will  consider  that  it  is  located  at  a 
distance  of  L  from  the  antenna  (E^ig.  4.3.1)  and  relative  to  antenna 
has  angular  dimension  fla.  If  blsck±)ody  has  a  temperature  of  then  in 
the  single  solid  angle  in  the  direction,  which  composes  angle  ©o  to 
standard/normal  n,  intensity  of  radio  emission,  the  numerically  equal 
to  the  spectral  power  density,  which  emerges  from  the  unit  of  the 
surface  of  this  body  (see  Fig.  4,3.1),  according  to  [4.4]: 

If  the  antenna  is  designed  for  reception  of  oscillations  with 
linear  polarization,  then  value  J  it  is  expedient  to  represent  in  the 
form  two  componenti  one  of  which  completely  corresponds  to 

polarization  of  ascillgtions,  taken  by  antenna,  and  the  second  - 
orthogonal  to  it.  In  the  case  if  the  source  creates  nonpolarized 
radiation  J*=J**=J/2.  It  is  obvious  that  during  the  nonpolarized 
emissiorif  acting  on  the  antenna  will  be  the  spectral  intensity  or  the 
spectral  power  density,  which  emerges  from  the  single  surface 

The  spectral  power  density,  determined  by  expression  (4.3.6),  will 
be  accepted  as  an^inna  with  efficient  surface  5^^ 


in  solid  angle 
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(see  Fig.  4.3.1).  Consequently,  the  antenna  power  adopted,  which 
emits  the  blackbody  from  surface  element  do  (see  Fig.  4.3.1)  it  will 


be 


Fig.  4.3.1.  Determination  of  equivalent  temperature  of  the  source. 

Key :  ( 1 ) .  dB . 

Page  97. 

Since  the  value  (1/Lj  )cos0od(;=dfi  -  solid  angle  of  area/site  da 
from  direction  of  the  antenna,  for  determining  the  total  power  taken 
by  the  antenna,  should  be  led  integration  for  solid  angle  Qa,  in 
limits  of  which  the  blackbody  proves  to  be  "visible”  from  the 
location  of  the  antenna.  Thus, 

Let  US  take  into  account  that  the  efficient  surface  of  the 
antenna  can  be  expressed  through  directive  gain  Du  [see  {3.3.9)],  and 
the  latter  is  determined  by  expression  (3.3.3). 

We  cOiU  ert  expression  (3.3.3),  first  of  all,  let  us  pass  from 


integration  i  or  spherical  surface  to  integration  in  limits  of  solid 
angle  Qa.  out  of  which  reception  to  ideal  antenna  is  impossible. 
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Taking  into  account  the  aforesaid,  let  us  find 

P  _  r>  <P)^  _  4nFi{e,(p)  FUe.  (r)A,* 

"^siM)  .  i-'H  ~  ,  ~7  A  r  ‘ '  T  • 

4n  •‘•1  J  /«(e,(p)rff  j j  (f.)aQ, 

“a  (4.3.8) 

SubsLituting  (4.3.8)  into  (4.3.7),  let  us  find 


(■  r„f*(e.9)rfnH) 

„  *  “m 

2«  j>(e,9)d£2. 


(4.3.9) 


When  the  blackbody,  equivalent  on  spectral  power  density  to 
space  source,  has  in  individual  sections  with  coordinates  0  and  <p 
different  brightness  temperature,  the  last  expression  can  be 
registered  in  more  general  view 


P 


2n 


(■  r„(©.9)f»(0.q>)dn« 

i _ 

jVM6.«p)dQ« 


(4.3.10) 


The  power  at  the  output  of  antenna  as  a  result  of  reception  of 
radio  emissions  of  space  source  or  equivalent  to  it  blackbody  can  be 
characterized  with  equivalent  temperature  of  source,  led  to  antenna 
T’a-.By  value  Ta  it  is  accepted  to  understand  the  temperature,  to 
which  it  is  necessary  to  heat  resistor/resistance  of  R  (equal  to 
output  antenna  resistance)  so  that  the  increment  in  the  power  of 
noise,  created  by  this  resistor/resistance  on  the  matched  load,  would 
be  equal  to  an  increment  in  the  power  of  noise  from  the  radio 
emiss'^on  of  source  (on  the  same  load). 

Page  98. 
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If  resistor/resistance  of  R  has  temperature  then  the  power  of 
the  noise  in  equivalent  band  of  frequencies  Af  on  matched  load  (equal 
R)  is  determined  by  expression  Pm=kTAf;  upon  transfer  to  angular 
frequencies  Aa)=27rAf  let  us  find 


For  single  band  we  will  obtain 

p-  _  *7’* 

*  IM  _  • 


(4.3.11) 


Equalizing  (4.3.10)  and  (4.3.11),  let  us  find 


J  7’«(e.9)f*(0,  9)dQa 
Jf{e,  9)rfQ, 


(4.3.12) 


If  angular  dimensions  of  the  source  of  radio  emission  are  much 
greater  width  of  main  lobe  of  radiation  of  antenna,  i.e.,  and 

within  limits  of  Q*  the  value  of  brightness  temperature  can  be 
considered  constant  Ta  (e,  <p)=7'fc  from  (4.3.12)  let  us  find 


T,  j  F»(&,<p)dQ^ 

[  FHQ.  9)(<  Q, 

0. 


(4.3.13) 


i.e.  equivalent  temperature  of  source,  led  to  antenna,  proves  to  be 
to  equal  brightness  temperature  of  observed  section  of  radio  emission 
and  does  not  depend  on  parameters  of  ideal  antenna. 


If  the  angular  dimension  of  source  Qg  is  considerably  less  than 
width  of  antenna  radiation  pattern  Qa,  then  it  is  possible  to  consider 
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that  in  limits  Q,  value  F'(0,  cp)=P  is  constant/invariable.  Then 

(4.3.14) 

“a 

When  expression  (4.3.14)  will  pass  into  expression 

(4.3.13).  By  other  words,  an  increase  in  the  sizes/dimensions  of  the 
antenna  (and  as  the  corollary  of  this,  the  decrease  of  the  width  of 
its  radiation  pattern)  increases  equivalent  temperature  of  any 
source,  converted  to  the  input  of  the  antenna,  only  until  the  width 
of  the  antenna  radiation  pattern  Q*  becomes  equal  to  the  angular 
dimensions  of  source  Qu- 
Page  93. 

From  an  examination  of  (4.3.13)  it  follows  that  with  large 
dimensions  of  the  source  and  small  changes  in  its  brightness 
temperature  the  intensity  of  the  radio  emission  it  is  expedient  to 
characterize  by  equivalent  temperature,  led  to  antenna,  since  in  this 
case  this  index  of  intensity  of  emission  of  source  does  not  depend  on 
parameters  of  antenna.  Completely  opposite  conclusions  can  be  drawn 
in  the  examination  of  expression  (4.3.14),  into  which  enters  the 
index  of  the  width  of  the  antenna  radiation  pattern.  Therefore,  the 
sources  of  radio  emission  with  the  relatively  low  angular  dimensions 
it  is  accepted  to  characterize  not  by  equivalent  temperature  of  the 
source,  reduced  to  the  antenna,  but  by  another  index  -  usually  by  the 
radiant  flux,  per  unit  of  area  (m*)  on  the  surface  of  the  Earth. 


It  must  be  noted  that  expression  (4.3.10)  is  correct,  when 
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radiating  body  is  located  relative  to  aritenna  in  remote  zone,  for 
which  concept  of  directivity  and  antenna  radiation  pattern  can  be 
considered  correct. 

The  case  when  the  radiating  body  is  arbitrarily  located  relative 
to  antenna  is  examined  in  detail  in  several  works:  [4.5],  [4.6], 
whence  it  follows  that  intensity  of  emission  can  be  characterized  by 
equivalent  temperature  of  source,  led  to  antenna.  With  the  large 
sizes/dimensions  of  the  radiating  body  (for  example,  in  the 
examination  of  the  thermal  radiation  of  the  atmosphere,  which 
surrounds  antenna),  equivalent  temperature  of  source,  led  to  the 
matched  load  of  ideal  antenna,  does  not  depend  on  the  parameters  of 
antenna. 

One  should  note  that  emissions  of  space  sources  and  atmosphere 
to  a  considerable  degree  determine  the  sensitivity  of  the  receiver. 

Let  us  pass  to  examination  of  special  features  of  noises  of 
different  sources. 

Galactic  noise,  as  has  already  been  mentioned  in  Section  4.1,  it 
is  possible  to  subdivide  into  two  groups:  noises,  caused  by  discrete 
sources,  and  distributed  galactic  noise?  (background  noise),  which  do 
not  have  specific  sources. 
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Table  4.3.1  gives  information  about  noises  of  most 
powerful/thickest  galactic  sources  (based  on  materials  [4.7]). 

For  calculation  of  power  of  noise  of  that  taken  by  antenna, 
directed  toward  source,  with  width  of  band  1  Hz  it  is  necessary  to 
multiply  the  values  given  in  Table  4.3.1  by  the  efficient  surface 
5a<i)4i  of  antenna. 
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Table  4.3.1. 


HacTora 


CnrKTpanbHaa  nJiOTHOCTb ^u(itocTii 
am/j<*,  anfSp 


KaccHOiK)i-A 

200 

6,5.10-22 

4.3.»a-2^ 

i.5.i(r23 

1000 

3.10-22 

2. 10-22 

lOr” 

3000 

10-22 

7,5.10-2^ 

3.10-2* 

lOCOO 

4.10-2^ 

1,7.10-2< 

5. 10-2* 

Key:  (1).  Frequency  MHz.  (2).  Spectral  power  density  W/m*,  Hz.  (3). 
Cassiopeia-A.  (4).  Cygnus-A.  (5).  Taurus-A. 
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Intensity  of  distributed  galactic  emission  is  maximum  in 
direction  of  Milky  Way  and  is  minimum  in  direction  of  galactic  poles. 
This  noise  virtually  does  not  depend  on  the  efficient  surface  of 
antenna,  since  the  angular  dimension  of  noise  source  almost  is  always 
greater  major  lobe  of  the  antenna  radiation  pattern.  The  noise 
intensity  can  be  expressed  in  W/Hz  or  in  the  form  of  the  equivalent 
temperature  source  reduced  to  the  antenna.  The  approximate  numerical 
values  can  be  found  in  Table  4.3.2,  from  which  it  is  clear  that  with 
an  increase  in  the  frequency  the  noise  temperature  sharply  decreases. 


The  intensity  of  radiation  of  the  sun  (constant  component  and 
average  value  of  slowly  varying  component)  can  be  illustrated  by  data 
of  Table  4.3.3.  [4,7].  In  the  numerator  there  are  cited  data  which 
correspond  to  the  maxim\im,  while  in  the  denominator,  to  the  minimum 
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of  solar  activity. 


Radiant  fluxes  of  Moon  and  planets,  measured  at  frequency  3000 
MHz,  are  equal  approximately  to  7.6*10***  W/m*Hz.  Flow  at  the 
frequency  of  9000  MHz  comprised  for  Mars  6.5*10* *‘,  for  Saturn  - 
4.10'* ‘,  for  Venus  from  4  to  9*10* *‘  W/m*Hz  [4.83.  The  averaged,  on 
the  disk  of  the  Moon,  Venus  and  Jupiter,  brightness  temperature  at 
the  frequency  of  3000  MHz  respectively  comprises  218,  600  and  700®K, 
and  at  the  frequency  of  9400  MHz  -  210,  580  and  180 “K  [4.7]. 


A  comparison  of  flow  values  of  emission  sbovT  that  sun  -  most 
intense  radiation  source. 


One  should  note  that  angular  diameter  of  sun  for  a  '‘terrestrial" 
observer  is  32',  and  the  angular  diameter  of  the  moon  in  perigee  and 
apogee  is,  respectively,  33.7'  and  29.4'.  Therefore,  the  probability 
of  the  direction  of  the  receiving  antenna  to  one  or  the  other  planet 
accurately  proves  to  be  very  low.  But  it  is  necessary  to  consider  the 
presence  of  the  minor  lobes  of  the  antenna  radiation  pattc  -n,  which 
can  coincide  with  the  direction  to  the  sun,  which  in  the  periods  of 
the  intensive  solar  radiation  can  lead  to  disturbance/breakdown  or 
deterioration  in  the  connection/communication. 
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Table  4.3.2. 


‘lacTora . 
•Miii  (l) 

3KsiiMi  ttkTuip.  TCMnepaTypa 

rnywoi.  =K  (a) 

iV  > 

uaKCHMaj^bHaii 

1 

200 

lao 

1500 

1000 

<  i 

30 

3000 

<1 

1 

Key;  (1).  Frequency  MHz.  (2).  Equivalent  noise  temperature;  “K.  (3). 
minimum.  (4).  maximtun. 


Table  4.3.3. 


HacTOT,-..  Mi4t  (O  j 

1 10000 

! 

3000 

1200 

600 

200 

CneKTpa;ibHah  n;K>THOCTb  uomHocTH, 

32 

27 

13 

6.5 

_7_ 

3,5 

! 

5 

2.5 

0,85 

(1). 


Key 


Frequency, 


MHz.  (2) 


Spectral  power  density,  W/in**Hz  10" 
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As  show  given  numerals,  power  of  noises,  caused  by  emission  of 
planets,  in  comparison  with  power  of  noises  of  other  sources  is  very 
low  and  it  can  be  disregt-'rded/neglected. 


Noise  of  water  vapor  and  molecular  oxygen,  imputation  of 
intensity  of  emission  (thermal  noises)  of  atmospheric  oxygen  and  water 
vapor,  and  also  dependence  of  value  of  these  noises  from  angle  of 
elevation  of  antenna  and  frequency  are  given  in  [4.9]. 


Fig,  4.3.2  [4.10]  shows  dependence  of  equivalent  temperature  of 

atmosphere,  given  in  antenna,  on  frequency  and  angle  of  elevation  p, 

and  also  are  given  the  straight  lines  showing  exeir.plary/approximate  • 

limits  of  temperature  of  cosmic  noises.  Equivalent  temperature  of  the 

atmosphere,  led  to  the  antenna,  or  as  it  is  sometimes  called,  the 

/ 

temperature  of  antenna,  depending  on  angle  of  elevation  ^  it  can  be 
found  from  the  approximation  formula 


sinp 


(4.3.15) 


This  formula  is  valid  in  the  range  1-8  GHz  at  /3>3-5“. 


With  value  /3-+0  value  Ta  in  frequency  band  indicated  in  accordance 


with  graphs/curves  Fig.  4.3.2  reaches  90-140®. 


Theoretical  curves  of  Fig,  4.3.2  coincide  V/ell  with  results, 


obtained  experimentally  [4.13] 
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Fig.-  4.3.2.  Equivalent  temperature  of  space  sources  and  atmosphere. 


Key;  (1).  Space  sources.  (2).  min.  (3).  max.  (4).  Atmosphere. 
(5).  f,  GHz. 
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Examination  of  curves  Fig.  4.3.2  show  that  in  the  range  to  4  GHz 
it  is  necessary  to  consider  both  the  cosmic  noises  and  the  noises, 
caused  by  atmospheric  absorbtion.  At  higher  frequencies  (from  4  to  10 
GHz)  only  the  noise,  connected  with  the  atmospheric  absorbtion,  is 
developed.  With  the  decrease  of  angles  of  elevation  the  value  of 
noises  grows  so  rapidly  that  the  use  of  angles  of  elevation  of  less 
than  5-7“  is  unsuitable.  One  should  note  that  at  small  angles  of 
increase  the  probability  of  interferences  from  ground  radio 
engineering  equipment,  industiial  units  and  reflections  from  all 
possible  ground  features  increases  also. 
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During  calculations  of  curves,  shown  in  Fig.  4.3.2,  it  was 
assximed  that  absorption,  and  consequently,  also  emission  of  atmosphere 
are  completely  determined  by  v;ater  vapor  and  oxygen  at  frequencies 
22.5  and  60  GKz  respectively.  During  calculations  the  dependence  of 
temperature  and  pressure  of  the  atmosphere  on  the  height/altitude  was 
taken  in  accordance  with  the  international  standard,  and  the  content 
of  water  vapor  was  received  as  that  changing  according  to  the  linear 
law  -  from  12  g/m,  on  the  earth's  surface,  to  zero  at  the 
height/altitude  of  5  km. 

With  other  content  of  water  vapors,  as  show  theoretical  and 
experimental  works,  equivalent  temperature  of  atmosphere  changes. 
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Fig.  4.3.3.  density  effect  of  water  vapor  on  equivalent  temperature  of 
the  atmosphere. 

Key:  (1).  Excess  of  noise  temperature  of  the  atmosphere  above  the 

temperature  in  the  zenith,  ®K.  (2).  GHz.  (3).  Calculation.  (4). 

Water  vapor  density  g/m^ 

Page  103. 

Fig.  4.3.3  [4.11]  gives  the  result  of  calculating  the  excess  of  value 
fa  above  equivalent  temperature  of  the  atmosphere  in  the  zenith  from 
the  density  of  water  vapor  for  different  angles  of  elevation  /3  (dotted 
curves)  and  the  measurement  at  the  frequency  of  6  GHz.  The  curves  of 
Fig.  4.3.3  attest  to  the  fact  that  a  change  in  the  water  vapor  density 
especially  strongly  is  manifested  with  the  values,  which  exceed  12-  14 


PAGE 
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g/m\*  in  this  case  an  identical  change  in  the  water  vapor  density  in 
the  case  of  small  angles  of  increase,  a  considerably  larger  absolute 
increase  in  equivalent  temperature  is  caused,  than  in  the  case  of 
large  angles  of  elevation.  '^he  calculation  of  the  effect  of  rain  on 
the  noise  temperature  of  the  atmosphere  is  difficult. 


Fig.  4.3.4  presents  comparative  data  about  the  noise  temperature 
of  the  atmosphere  in  the  range  6  GHz  during  the  rainy  and  dry  days 
depending  on  angle  of  elevation  /3. 


Besides  water  vapor  oxygen,  in  the  atmosphere,  especially  at  high 
altitudes,  there  are  also  other  absorbing  media  -  ozone  and  different 
ionic  formation/educations.  However,  the  concentration  of  these  media 
is  low;  therefore  at  frequencies,  which  exceed  100  MHz,  by  the 
absorption  (and  consequently,  and  by  emission)  of  these  media  it  is 
possible  to  disregard/neglect. 


^f  the  aforesaid  it  is  above  and  the  graphs/curves  Fig.  4.3.2  it 
follows  that  for  increasing  the  reliability  of 

connection/communication  and  decrease  of  noises  the  frequency  band, 
intended  for  the  communication  systems  through  ISZ,  must  be  within  the 
limits  from  3  to  8  GHz.  At  higher  frequencies  the  noise  due  to  the 
absorption  in  the  water  vapor  (especially  with  the  strong  rains) 
increases,  while  lower  frequencies  affects  the  effect  of  cosmic 
noises,  j^recisely  these  considerations,  and  also  the  account  of  the 
already  available  radio  equipment,  they  were  assxxned  as  the  basis  of 
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the  international  distribution  of  radio-frequency  bands  for  the 
communication  systems  through  ISZ  accepted  in  Geneva  in  1963.This 
distribution  given  in  Appendix  3. 

Intensity  of  emission  of  Earth.  The  equivalent  noise  temperature 
of  the  Earth,  led  to  matched  output  antenna  resistance,  is  taken  as 
the  equal  to  290‘*K. 
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Fig.  4.3.4.  Noise  temperature  of  atmosphere  for  dry  and  damp/rav  day. 


Key:  (1).  GHz,  (2).  Moasured  speed  of  rain  6.35  mm,  (3).  Charge 
of  water  vapor  of  5  g/m*.  (4).  Rain  clouds  there  is  no  rain.  (5). 
Zenith.  Antenna  position  degrees. 
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4.4,  Noise  temperature  of  antenna. 


Noise  temperature  of  real  antenna  is  determined  by  two  factors; 
by  thermal  radiation  of  atmosphere  and  by  emission  of  Earth.  In  the 
communication  systems  through  ISZ  are  utilized  terrestrial  antennas 
with  the  larger  factor  of  amplifications,  which  have  the  width  of 
radiation  pattern  of  approximately  one  degree  or  even  less.  Such 
antennas,  taking  into  account  Fig.  4.3.2,  for  decreasing  the 
equivalent  noise  temperature  of  the  atmosphere  are  utilized  at  the 
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angles  of  elevation,  greater  than  by  5-7®. 

Consequently,  it  is  possible  to  consider  that  emissions  of  Earth 
will  act  on  ground-based  antenna  only  through  minor  lobes.  If  ve 
consider  that  at  the  angles  of  elevation  of  /3>7®  in  the  range  of  the 
frequencies  of  3-8  GHz  equivalent  temperature  of  the  atmosphere  in  the 
absence  of  rain  according  to  Fig.  4,3.2  does  not  exceed  20®K,  but 
equivalent  temperature  of  the  Earth  is  equal  to  290®K,  then  becomes 
obvious  the  effect  of  the  side-lobe  level  of  antenna  on  its  total 
temperature,  let  us  explain  this  by  the  curves  of  Fig.  4.4.1  of  work 
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Pig.  4.4.1.  dependence  of  the  noise  temperature  of  antenna  on  angle  of 
elevation  with  10  and  6  dB  the  drop  of  irradiation  to  the  edges  of 
antenna,  f=2  GHz;  I  -  total  noise  temperature;  II  -  portion  of  the 
minor  lobes,  III  -  portion  of  major  lobe;  IV  -  portion  of  rear 
lobes/lugs. 

Key;  (1).  Noise  temperature.  (2).  With  10  dB  drop  of  irradiation 
to  edges  of  antenna.  (3).  With  6  dB  the  drop  of  irradiation  to  the 
edges  of  antenna. 

Page  105. 

In  this  figure  it  is  shown  the  dependence  of  the  noise  temperature  of 
antenna  at  the  frequency  of  2  GHz  on  the  angle  /3  with  two  versions  of 
irradiation,  and  also  relative  values  of  the  noises,  which  fall  to 
major  lobe  of  diagram  and  minor  lobes  of  front/leading  and  rear 
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hemispheres.  It  turns  out  that  the  noise,  which  arrive  on  the  minor 
lobes,  is  most  significant  and  precisely  these  noise  determines  the 
inherent  noise  level  of  antenna.  In  this  case  is  very  important  the 
fact  that  the  noise,  which  arrives  through  the  minor  lobes,  to  a 
considerable  extent  depends  on  the  method  of  irradiating  the  antenna 
dish:  with  the  sharper  drop  of  irradiation  to  the  edges  of  antenna 
smaller  minor  lobes  are  obtained  and  noise  temperature  decreases.  One 
should  note  that  simultaneously  with  this  deteriorates  the  use  of  a 
surface  of  antenna,  which  leads  to  reduction  in  the  amplification 
factor  with  constant  dimensions  of  antenna  dish. 


^hey  usually  consider  that  the  optimum  drop  of  field  to  the  edges 
of  aperture  is  equal  to  10  dB.  However,  in  this  case  minor  lobes 
prove  to  be  still  considerable  and  in  the  case  of  using  the  low-noise 
input  receivers  the  value  of  antenna  noises  can  prove  to  be  very 
noticeable,  /^ransition/ junction  to  larger  decay  in  the  irradiation  at 
the  edges  of  mirror,  although  it  will  lead  to  the  decrease  of  the 
antenna  gain,  nevertheless,  due  to  a  decrease  in  the  side-lobe  level, 
it  is  possible  to  lead  to  an  improvement  in  the  resulting 
signal-to-noise  ratio. 


In  connection  with  this,  since  in  practice  condition  of  drop  of 
irradiation  to  edges  of  mirror  usually  is  satisfied,  at  least,  on  10 
dB,  in  accordance  with  Fig.  4.4.1  we  will  approximately  consider  that 
due  to  minor  lobes  temperature  of  ground-based  antenna  increases  by 
value 


a  r,  =  23  +  0,2  (90— p). 


(4.4.1) 
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where  ^  -  determines  angle  of  elevation  in  degrees. 


Application  for  terrestrial  stations  of  antenna  fairings 
(protective  hoods)  leads  to  additional  increase  in  total  temperature 
of  antenna. 


Fig.  4.4.2  gives  theoretical  dependence  of  the ' component  of  noise 
temperature  of  antenna  at  different  frequencies,  caused  by  fairing, 
covered  with  water  layer  of  different  thickness  [4.123.  Dotted  lines 
showed  the  total  component  of  noise  temperature  antennas  upon 
consideration  not  only  of  the  layer  of  water,  by  the  thickness  n  , 


which  covers  fairing,  but  also  the  fairing  itself,  made  from  the 


dielectric  material,  for  which  e=3+i0.045.  in  work  ['4.123  is  noted 


that  the  thickness  of  water  layer,  equal  to  0.125  mm  and  0.25  mm,  with 
the  spherical  fairings  with  a  radius  of  15  m  it  is  formed  at  the 
intensity  of  rainfall  3  mm/h  and  25  mm/h  respective 
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For  the  spherical  fairings  about  the  radius  of  30  m  the  thickness  of 


water  layer,  equal  to  0.125  mm  and  0.25  mm,  it  is  formed  during 
precipitation  with  an  intensity  of  1.5  mm/h  and  12.5  mm/h 
respectively.  Precipitation  with  an  intensity  of  3  mm/h  in  Tokyo  on 
the  average  are  observed  approximately  by  2%  of  time  in  the  year,  in 


Paris  -  0.5%,  and  in  Halifax  (Canada)  and  Washington  -  about  1%  of 
time  in  the  year.  Precipitation  with  an  intensity  of  25  mm/h  can 


'^^£j^^^sAWXA^>e^sBs^lmp,nPu*■irreK^^^ 
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occur  on  the  average  in  the  year  in  0.1  periods  in  Tokyo  and  less  than 
0.01%  time  in  Paris. 


One  should  note  that  dry  protective  hoods  of  antennas  create 
comparatively  small  supplementary  noise  temperature,  whose  value 
proves  to  be  equal  to  approximately  S-IO^K. 


On  the  basis  of  aforesaid  total  of  temperature  of  ground-based 
antenna  taking  into  account  protective  hood  can  be  determined 
according  to  expression 

r,E  =  r, + oc  r, + r„ = r, + 23 + 0.2  (90-§)  + 


Here  Ta  is  determined  according  to  graphs/curves  Fig.  4.3.2  in 
the  case  of  dry  weather  or  according  to  graphs/curves  Fig.  4.3.3  and 
4.3.4  in  presence  of  precipitation,  /3  is  determined  angle  of  elevation 
(in  degrees),  and  Tok  is  located  through  curves  of  Fig.  4.4.2. 


For  onboard  antennas,  oriented  to  the  Earth,  it  is  possible  to 
consider  that  Qa>£23,  and  r3>r  (here  Q*  -  aperture  angle  of  radiation 
pattern  of  onboard  antenna,  -  angular  dimension  of  Earth, 

"observed"  from  onboard  of  satellite,  Ts  -  temperature  of  Earth,  equal 
to  290",  T  -  temperature  of  medium  and  elements  of 
construction/design,  which  surround  onboard  antenna).  Taking  into 
account  that,  besides  the  thermal  radiation  of  the  Earth,  on  onboard 
antenna  the  thermal  radiation  of  the  atmosphere  will  still  act, 
moreover  this  effect  will  occur  at  the  angles  of  increase  of  j3’=90",  in 
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accordance  with  expression  (4.3.14)  we  will  obtain 

r.=(r.+T.(90))A=,290  +  r.(90)>|-.  (4.4.2) 

Here  (90)  are  located  through  the  curve  on  Fig.  4.3.2  at  /3=90“. 
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Fig,  4,4,2.  Dependence  of  noise  temperature  of  radome  on  thickness 
of  water  layer. 

Key :  ( 1 ) ,  GHz . 

Page  107. 

4.5.  Changes  in  the  level  of  noise  inlet  temperature  of  the  receivers 
of  terrestrial  stations. 

As  was  noted  in  Section  4.1,  noise  level  at  input  of  terrestrial 
receivers  is  determined  by  expression  (4.1.1)  and  depends  on  many 

factors.  Expression  (4.1.1)  can  be  represented  in  the  form 

Pu.  =  *A/7’s.  (4.5.1) 


where  Af  -  resulting  band,  Tt  -  total  effective  inlet  temperature  of 
receiver,  which  depends  both  on  the  environmental  factors  (effect  of 
galactic  noise,  the  effect  of  precipitation,  etc.)  and  from  the  noise 
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Curves  1,  2,  3  and  4  [4.13]  show  change  7%  of  the  antenna  in  Raisting; 
moreover  curve  1  is  taken  in  dry  fairing  and  cloudless  sky  (5  hours  of 
30  min.);  curve  2  -  with  the  weak  rain  {intensity  of  0-1.2  mm/h  5 
hours  of  50  min.);  curve  3  -  with  the  rain  with  an  intensity  of  1.21-6 
mm/h  (6  hours  of  15  min,);  curve  4  -  after  the  termination  of  rain  (6 
hours  of  25  min.).  From  the  comparison  of  the  enumerated  curves  it  is 
possible  to  make  a  conclusion,  first,  about  substantial  change  Fs  upon 
the  appearance  of  precipitation  (especially  at  the  large  angles  of 
elevation),  and  secondly,  about  the  sufficiently  good  coincidence  of 
curves  1  and  4,  taken  prior  to  the  beginning  and  after  the  termination 
of  rain. 


Fig.  4.5.2  by  dotted  line  shows  curved  5,  which  corresponds  to 
change  7%  from  angle  of  elevation,  obtained  in  dry  weather  for 
receiving  system  in  Andover  [4.14].  The  comparison  of  curves  1  and  5 
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shows  that  the  character  of  change  Xj.  from  the  angles  of  elevation  for 
different  receiving  systems  coincides  sufficiently  well.  Curve  6, 
given  in  Fig.  4.5.2,  it  is  constructed  according  to  the  theoretical 
curves,  which  determine  the  noises  of  the  dry  atmosphere,  which  are 
given  in  Fig.  4.3.2  for  the  oscillations/vibrations  with  a  frequency 
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climatic  conditions. 

Page  109. 

comparison  of  curves  1,  4,  5  and  6  indicate  the  validity  of 
theoretical  data,  used  for  Fig.  4.3.2,  and  also  the  fact  that  the 
inclination/slope  of  curves  1-5  is  determined  by  atmospheric  noises. 
The  disagreement  between  curved  6  and  1,  and  also  5  and  1  is 
determined  by  the  intrinsic  noise  of  receiver,  by  noises  of  the 
radome,  feeder,  etc. 

It  is  interesting  to  examine  values  of  different  components  of 
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noises,  which  determine  value  of  total  temperature  Tx  at  angle  of 
elevation,  equal  to  90“,  during  clear  day.  The  values  of  the 
equivalent  noise  temperature  of  separate  components  with  these 
conditions  for  the  receiving  sybtems  in  Andover  [4.14]  and  RaiJting 
[4.19]  are  given  in  Table  4.5.1. 

Appearance  of  precipitation  leads  not  only  to  increase  in  noise 
inlet  temperature  of  receiver,  but  also  to  certain  weakening  of 
signal.  As  a  result  reduction  in  the  ratio  of  the  power  of  signal  to 
the  intensity  of  noises  at  the  input  of  receiver  is  observed.  This 
can  be  shown  by  the  curves  of  Fig.  4.5.3,  where  curve  1  characterizes 
a  change  in  the  ratio  of  the  power  of  signal  to  the  noise  for  the 
receiving  system  in  Raisting  [4.13]  at  the  angles  of  elevation  from 
25“  to  45®.  Curve  2  is  constructed  for  the  case,  when  the  power  of 
signal  does  not  change,  but  only  the  power  of  noises  in  accordance 
with  curve  1,  Fig.  4.5.1  changes.  Thus,  a  difference  in  the  ordinates 
between  curves  1  and  2  in  Fig.  4.5.3  determines  fading  signal  in  the 
presence  of  precipitation.  Curve  3  characterizes  change  in  the 
relation  in  question  at  the  angle  of  elevation,  equal  to  28“ ,  for  the 
receiving  system  in  Mill  Village  (Canada),  where  is 

established/installed  two-mirror  antenna  (Cassegrain),  by  the  diameter 
of  25.9  m,  the  covered  by  fairing  [4.15]  antenna  works  in  the  range  of 
approximately  4000  MHz  and  6000  MHz  and  has  amplification  by  59  and  60 
dB  respectively. 
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Table  4.5.1. 


HiftMeHOBaHHe  xounoHeHTi.  onpeAMiuolUcro 

(4-?npR:uHue 

CHCTeMU 

uiyuoByio  TCMiiepaTypy.  °K 

I'S)  1 

>  Ahaobcpc  I 

B  ParicTHiire 

ATMoc^epa  npH  cyxoft  iioroAet^) 

2,4’ 

2,0“ 

PaccetiHHe  ofireKSTeAfl  ii  6oKOBue  Ae> 
necTKU  auTeHHU 

«.4^ 

1 

9“ 

norAOuteHHa  oSTeKaTwin  W) 

3' 

3“ 

rioiepii  aHTeHMu 

ue  ripH&eAeHa 

0,5“ 

riorepH  B  boahoboahux  uennx  Uo)  I 

1  14.2' 

10,2“ 

lUyuu  npHBMHHKa  (KBaiixoBOMexaHimec-J 

K,iA  yCHAHTBAb  C  BOCABAyiOmHM  KBCKaAOM)  4^ 

4.3“ 

CyMuapuaa  uiyMOBaH  Teunepaxypa  (0^ 

32.0' 

29,0“ 

Key:  (1).  Designation  of  the  component,  which  determines  the  noise 
of  temperatures,  °K.  (2).  Receiving  systems.  (3).  in  Andover.  (4) 

in  Raisting.  (5).  Atmosphere  in  dry  weather.  (6).  Scattering 
fairing  and  minor  lobes  of  a.ntenna.  (7).  Absorption  of  fairing. 

(8).  Losses  of  antenna.  (9).  it  is  not  given.  (10).  Losses  in 
waveguide  circuits.  (11).  Receiver  noise  (quantum-mechanical 
amplifier  with  siobsequent  cascade/stage).  (12).  Total  noise 
temperature. 

Page  110. 

Curve  4  in  Fig.  4.5.3  characterizes  a  change  in  the  ratio  of  the 
power  of  signal  to  the  power  of  noise  in  the  case  of  precipitation  of 
different  intensity  for  the  receiving  system  in  Andover  [4.14]. 

Together  with  given  graphs/curves,  during  calculations  of 
communication  system  through  ISZ  and  evaluations/estimates  of 
qualitative  indices  of  such  systems,  it  is  very  important  to  know 
distribution  in  time  of  change  in  total  noise  temperature  of  entire 
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receiving  system  and  ratio  of  power  of  signal  to  power  of  noises. 

Fig.  4.5.4  shows  curves,  which  characterize  distribution  of  value 
in  time;  along  axis  of  abscissas  is  plotted  probability  (in 
percentages),  with  which  value  Tj  -  is  less  than  values,  indicated 
along  axis  of  ordinates.  Curves  1,  2,  3,  4  for  different  angles  of 
elevation  are  obtained  at  the  receiving  station  in  Ploemeur-Baud 
(Prance)  [4.16]. 
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Fig.  4.5.3.  change  in  the  ratio  of  the  power  of  signal  to  the  noise 
from  the  intensity  of  the  precipitation. 

Key;  (1).  (dB).  (2).  Precipitation,  mm/h. 


Fig.  4.5.4.  Distribution  Ts 


Key;  (1).  Percentage  of  time,  during  which  value  less  than  the 
values,  indicated  on  the  axis  of  ordinates. 

Page  111, 

Let  us  note  that  statistical  change  in  the  curves  of  Fig.  4.5.4  is 
determined  by  meteorological  conditions.  It  follows  to  indicate  that 
in  Ploemeur-Baud  reception  is  realized  with  the  horn-parabolic  antenna 
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system,  analogous  antenna  to  the  system,  established/ installed  in 
Andover.  Curve  5  in  Fig.  4.5.4  characterizes  distribution  in  the  time 
of  value  for  the  receiving  installation  in  Raisting  [4.13].  The 
distribution  in  the  time  of  a  change  in  the-relation  of  the  power  of 
signal  and  power  of  noise  (in  dB),  measured  in  the  band  8  kHz  for  the 
receiver  in  Ploemeur-Baud,  is  given  in  Fig.  4.5.5.  On  this 
graph/curve  is  shown  the  distribution  of  the  relation  indicated  for 
the  case,  when  the  reception  of  the  signals  of  the  synchronous 
satellite  HS-303,  whose  orbit  had  an  inclination  of  18°,  was  realized, 
and  tne  ascending  node  -  30®  the  western  longitude/length. 


Certainly,  during  the  reception  of  emissions  of  satellites,  which 
move  along  the  orbits  with  other  parameters,  distribution  curve  will 
take  another  form,  than  in  Fig.  4.5.5.  It  is  natural  that  relocation 
of  reception  or  equipment  will  also  give  to  with  changes  in  the 
distribution  curve.  Prom  the  examination  of  the  given  curves  very 
essential  conclusion/output  can  be  made  -  in  the  communication  systems 
through  ISZ  the  distribution  in  the  time  of  the  ratio  of  the  power  of 
signal  to  the  power  of  noises  has  smooth  character,  the  range  of  a 
change  in  this  relation  lying/resting  within  the  limits  of  several  dB. 
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Fig.  4.5.5.  Distribution  of  ratio  of  power  of  signal  to  noise 


Key :  ( 1 ) . 


than  values 


dB.  (2).  Percentage  of  time,  during  which  value 
indicated  on  axis  of  ordinates. 
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Chapter  5. 

Calculation  of  the  ratio  of  the  power  of  signal  to  the  thermal  noises 
at  the  output  of  the  communication  system. 

5.1.  Initial  relationships/ratios. 

Signals,  transmitted  by  line  of  communications,  undergo  effect  of 
interferences.  It  is  accepted  to  distinguish  two  forms  of  the 
interferences;  additive  and  multiplicative. 

Additive  interferences  can  act  on  receiver  independent  of 
presence  of  signal  and  are  developed  in  the  form  of  interferences, 
which  are  totalled  with  signal.  Additive  interferences  are  caused  by 
different  reasons:  by  the  thermal  agitation  of  molecules,  by  the 
emissions  of  different  stations,  which  affect  the  input  of  receiver, 
but  its  not  changing  parameters,  by  man-made  interferences,  etc. 

Multiplicative  interferences  lead  to  random  changes  in  parameters 
of  communication  channel  and  they  are  developed  only  in  presence  of 
signal.  The  multiplicative  interferences  include  different  phenomena, 
which  occur  in  the  communication -channel ,  including  the  phenomenon  of 
the  fadings,  caused  by  multiple-beam  propagation  of  signal. 


In  communication  systems  through  ISZ  at  sufficiently  large  angles 
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of  elevation  (/3>3-5")  with  phenomenon  of  multiple-pronged  propagation 
virtually  it  is  possible  not  to  be  considered.  The  parameters  of  the 
communication  channel  through  ISZ  it  is  possible  to  consider 
time-constant:  the  change  of  the  signal  level  at  the  input  of 
receiver,  caused  by  the  variable  distance  during  the  motion  of 
satellite  relative  to  the  Earth  or  by  other  reasons  (for  example,  by 
supplementary  attenuation  in  precipitation),  it  occurs  in  the  small 
limits  relative  to  the  value  of  fundamental  attenuation.  These 
changes  are  very  slow  -  signal  level  varies  from  maximum  to  minimum 
value  for  several  hours.  Therefore  in  the  communication  systems 
through  ISZ  should  be  considered  only  additive  interferences.  This  is 
confirmed  by  experimental  investigations.  Let  us  note  that  the 
additive  interferences  are  frequently  called  noises;  this  term  will  be 
used  with  the  following  presentation. 

In  Chapters  3  and  4  were  obtained  relationships/ratios,  on  the 
basis  of  which,  knowing  fundamental  indices  of  channel  of 
communication  (orbital  parameters,  power  of  transmitter,  radiation 
pattern  of  antennas,  temperature  of  inherent  noise  of  receivers, 
etc.),  it  is  possible  to  determine  signal-to-noise  ratio  at  input  of 
receivers.  In  this  case  by  noises  at  the  input  of  receivers  the 
thermal  noises  was  implied. 

Let  us  switch  over  to  determination  of  signal-to-noise  ratio  at 
output  of  receiver  and  effectiveness  of  communication  system  with 
different  methods  of  modulation:  single-band  (OBP),  frequency 
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modulation  (ChM)  and  pulse-code  (KIM). 


In  communication  systems  through  ISZ,  as  in  other  systems,  radio 
channel  must  satisfy  the  requirements  of  high  noise  immunity  and 
effectiveness  of  use.  By  noise  immunity  is  understood  the  ability  of 
system  to  resist  the  effect  of  interferences.  In  the  practical 
calculations  they  usually  operate  with  relative  noise  immunity,  which 
makes  it  possible  to  compare  between  themselves  the  diverse  variants 
of  the  technical  solutions,  selected  both  for  twist  the  systems  (for 
example,  the  form  of  modulation)  and  for  its  separate 
components/1 inks . 


Quantitative  measure  of  noise  immunity  is  degree  of  conformity  of 
crmmuni cat  ion/report  accepted  to  that  transmitted  (correctness). 


During  transmission  of  continuous  communications/reports  by 
criterion  of  correctness  it  is  possible  to  count  rms  erx'or  [5.1] 

e»  =  tt;i(0 -«{/)]*.  (5.1.1) 

Here  v(t)  and  Vi(t)  represent  respectively  the  totality  of  the 
transmitted  and  taken  signals.  Difference  Vi(t)-v(t)  can  be 
considered  as  interference  (noise)  at  the  output  of  receiver. 


(5.1.2) 


DOC  =  86120408 


PAGE 


where  a»ux(/)  “  jamming  intensity  at  frequency  f  at  output  of  receiver, 

F  -  cut-off  frequency  of  passband  of  r^'ceiver  after  detector; 
since  integration  is  conducted  from  zero,  value  F  is  numerically  equal 
to  bandwidth  at  output  of  receiver, 

^csux  ~  average/mean  power  of  communi cat  ion 'report  at  output  of 
receiver  in  band  F, 

PtuBUi  -  sverage/mean  power  of  interference  at  output  of  receiver 
in  band  F. 
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From  (5.1.2)  it  follows  that  square  of  rms  error  is  completely 
determined  by  average/mean  power  of  interference  at  cutput  of 
receiver,  and  relative  error  -  by  ratio  of  average/mean  power  of 
interference  to  average  power  of  signal  Pcbux-  During  the  practical 
calculations  as  the  parameter,  which  characterizes  noise  immunity  of 
system,  take  the  value  of  gain  /3  or  generalized  gain  /3  '  the  systems, 
which  are  determined  on  the  noise  levels,  small  with  respect  to  signal 


level,  as  follows: 


\  Pm  /mat  \  Put  /»x 


(5.1.3) 


(5.1.4) 


Here  AF  -  frequency  band,  in  which  is  measured  power  of 
interference  at  output  of  receiver  (usually  this  band  it  coincides 
with  band  of  signal),  Af  -  equivalent  frequency  band,  in  which  it  is 
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measured  po'A'er  of  interfe/  nee  at  input  of  receiver  (see  Section  4.2). 
From  the  comparison  of  two  iatter/last  expressions  it  follows  that  the 
connection/communication  between  the  gain  of  system  and  the 
generalized  gain  is  determin.-d  by  the  following  relationship/ratio; 


(5.1.5) 


Thus,  genera?- gain  of  system  is  determined  by  ratios  of 


signal  not  to  pov-.u  of  noises,  but  tc  average/mean  spectral  ncise 
density  at  input  and  output: 

A/  A  F 


During  transmission  of  discrete  comtiunications ,  accuracy  of 
reproduction  is  determined  by  probability  of  error  pom  in  elements  of 
communication/report  accepted.  As  the  critn’*ion  of  correctness  S 
accept  the  logarithm  of  the  value  of  reverse/inverse  pom  [5.2]: 

S=  lOlg— =—  lOlgpou,.  (5.1. 

pom 

Effectiveness  of  use  of  channel  can  be  evaluated  by  coefficient 
n,  which  characterizes  nearness  of  speed  of  transmission  R  to  channel 
capacity  C,  i.e. 


(5.1.7) 
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As  is  known  [5.3],  maxim^im  channel  capacity  of  communications 
with  bandwidth  of  frequencies,  equal  to  Af,  in  presence  of 
statistically  independent  variables  of  signal  and  noise  with 
average/mean  power,  respectively  equal  to  and  Pu,,  it  is  determined 
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as  follows: 


C  =  A/logi 


*'c+ui 


(5.1.8) 


Here  xc+m  and  Xu,  -  peak  factor  of  the  total  process,  which  consists  of 
the  signal  and  the  noise  (additive  interferences)  and  the  peak  factor 
of  noise,  determined  by  their  statistical  properties.  If  the 
statistical  properties  of  communication/report  and  noise  are  identical 
and  are  characterized  by  the  normal  distribution  law,  total  process  is 
also  similar/such  to  noise.  Therefore 

(5- 1-9) 

In  this  case  channel  capacity  of  communications  in  accordance 
with  (5.1.8) 

C„  =  A/log,[‘l  +  (-|^)J  =  ^/*og*ll  +  9»xl-  (5- 1 -10) 

If  communication/report  has  uniform  spectrum,  i.e.,  are  satisfied 
condition  (5.1.S),  speed  of  transmission 

=  l]  =  Afiog,I</.«c+ 11.  (5.1-11) 


Therefore  in  accordance  with  (5.1.7),  (5.1.3)  and  (5.1.5)  it  is 
possible  to  obtain  following  two  equivalent  expressions: 


l  logilPg»»+  II  ^ 
>  lo8»l?»«+  U 
1  lo8il9»*«+  1) 

'  lo8»  ij 


(5.1.12) 

(5.1.13) 


For  high-quality  communication  systems  condition 


(5.1,14) 


usually  is  satisfied. 
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Let  us  note  that  since  into  expressions  for  computing 
effectiveness  of  system  enters  relation  of  logarithms,  their 
foundation  can  be  any. 


Ideal  communication  system  it  is  possible  to  consider  system,  in 
which  is  provided  maximum  of  channel  capacity  C,  determined  by 
expression  (5.1.10),  at  speed  R=C  and  by  how  conveniently  small 
probability  of  errors.  Therefore,  equating  (5.1.10)  and  (5.1.11)  for 
the  ideal  system,  we  will  obtain 

A/log,(9„+  1J  =  Af  log,Iv-«+  U-  (5,1.16) 

Hence  upon  and  consideration  (5.1.3)-(5.1.5)  we  will 

obtain: 

W  =  (5.1.17) 

P  =  (9.x)’~'.  (5.1.18) 

P' =  (W”* .  (5.1.19) 

Furthermore,  with  fulfillment  of  inequality  <7bi»i  .and 
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substitution  (5.1.3),  (5.1.18)  in  (5.1.12)  let  us  find  that  for  ideal 
system 

I  ioe«iP«?.x+ U  1  +  (5l.20> 

•'  log»l9«x+ll  logi[9,x+>J 

Should  be  focused  attention  on  the  fact  that  according  to 
(5.1.18)  in  ideal  communication  system  gain  /3  grows/rises  vrith 
increase  v  according  to  power  law. 

For  discrete/digital  communication  systems  it  is  convenient  to 
introduce  concept  of  transmission  rate  during  ideal  coding  Ro .  In 
this  case  expression  (5.1.7)  can  be  recorded  in  the  form 


Ratio  R/Ro  can  be  named  effectiveness  of  coding,  and  Ro/C  - 
effectiveness  of  m.odulation. 

For  system  with  L  by  discrete/digital  levels,  in  which  all  level 
have  identical  probability  of  transmission  and  identical  probability 
of  error  Pom,  speed  of  transmission  is  determined  by  expression  [5.1] 

^  =  y  Ilog*L-  Pou,  log,  (L— 1)+  Pou.  log,p^  +  (1  -PoJ  log,  (1  —  p^)J. 

(5.1.22) 

Here  T  -  duration  of  signal. 

Let  us  pass  to  examination  of  threshold  characteristics  of 

communication  channel.  From  expression  (5.1.3)  it  follows 

9*.x  =  P<7.x-  (5.1.23) 
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The  value  of  the  gain  of  system,  entering  this  expression,  is  the 
constant  value,  which  characterizes  the  properties  of  the 
communication  systems.  This  definition  is  correct  only  for  the 
systems,  in  which  the  threshold  is  absent;  for  the  threshold  systems 
value  /3  proves  to  be  constant  (and  greatest)  only  with  values  9bs> 
which  exceed  a  certain  threshold  value. 


Aforesaid  is  explained  by  graphs/curves:  Fig.  5.1.1  for 
threshold  system,  and  for  nonthreshold  -  Fig.  5.1.2.  In  the  case, 
when  transition/junction  from  the  region,  which  lies  is  below 
threshold  value,  into  the  region,  which  lies  it  is  higher  than  it,  it 
occurs  very  smoothly,  as  the  threshold  point  is  taken  that,  with  with 
the  approach  to  which  from  the  direction  of  large  values  9bx>  value 
9»htx  decreases  by  one  dB  in  comparison  with  the  linear  change  (see 


Fig.  5.1.1). 


Comparing  expressions  (5.1.3)  and  (5.1.4),  it  is  possible- to  say 
that  threshold  values  of  values  /3  and  /3  '  will  coincide.  T?king  into 
account  the  aforesaid,  since  the  value  of  gain  /3,  in  (5.1.23),  is 
constant,  this  expression  is  correct  only  for  the  region,  which  lies 
above  threshold,  i.e.,  when  qax'^gaxnop  snd  respectively  when 

Quux^q»ux  nop* 


For  determination  of  relationship/ratio  q^ux-H^n)  region, 
where  ^Bi<9Bxnop  and  quux^qxitxuot.  necessary  to  proceed  from  other 
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positions. 


Let  us  examine  channel  capacity  of  communications  at  input  of 
receiver  (in  front  of  demodulator)  and  at  output  (after  demodulator). 
In  accordance  with  (5.1.8)  let  us  find: 

(51.24) 


C.„  =  Aflog,('j%]  ti+9_r. 


{5.1.25) 


Fig.  5.1.1.  Fig.  5.1.2. 

Fig.  5.1.1.  Dependence,  which  characterizes  threshold  system. 
Key:  (1).  dB.  (2),  Threshold, 

Fig.  5.1.2.  Dependence,  which  characterizes  nonthreshold  system. 
Page  119. 


As  a  result  of  passage  through  demodulator  of  receiver  quantity 
of  information  cannot  increase;  therefore  it  is  possible  to  consider 
that  Cbux^^bx  accordance  with  latter/last  expressions  let  us 

f  ind 

1 1  +  9.xr  ~  (5. 1 .26) 

Ofttox 


Here; 


(5.1.27) 

(5.1.28) 


Expression  (5.1.26)  with  threshold  values  of  relations  of 
average/mean  power  of  signal  and  noise  will  pass  into  equality. 


I  ' 
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Taking  into  account  this,  and  also  expression  (5.1.23), 
determining  threshold,  we  obtain  system  of  equ.: 


9bux  nop  —  n  +  9»x  Itopl  1 

^ihix  nop  =  P9.x  nop 


(5.1.29) 


for 


I 

[ 


Solution  of  system  of  equ.  (5.1.29  is  found  usually  by  graphic 
methods  with  known  values  6bx  and  6bux,  which  characterize  statistical 
properties  of  signal  and  noise. 


Being  based  on  given  relationships/ratios,  in  subsequent  sections 
of  this  chapter  let  us  examine  values  and  interconnection  of 
fundamental  oarameters  of  communication  system  at  different  methods  of 

''A 

modulation. 

At  present  frequency  modulation  extensively  is  used  in 
communication  systems  through  ISZ.  Pulse-code  modulation  (KIM),  which 
in  combination  with  the  amplitude,  frequency  or  phase  modulation  of 
the  oscillations  of  the  carrier  frequency  makes  it  possible  to 
considerably  increase  noise  immunity  and  effectiveness  of  system,  is 
of  great  interest  for  the  newly  developed/processed  systems. 
Furthermore,  in  the  technical  literature  is  discussed  a  question  about 
the  possibility  of  the  transmission  of  one  sideband  (OBP),  at  least  in 
the  section  from  the  Earth  to  ISZ.  This  interest  in  OBP  is  explained 
by  the  tendency  to  shorten  the  occupied  band. 


PAGE 
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Reasons  indicateci  determine  selection  of  enumerated  forms  of 
modulation  in  subsequent  examination. 
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5.2.  Transmission  of  one  sideband  (OBP). 


During  transmission  of  OBP  obtained  as  a  result  of  using 
different  diagrams  of  modulation;  transposition  of  spectrum  of  initial 
signal  occurs.  Therefore  width  the  bands  of  signal  after  modulation 
and  initial  signal  AF  prove  to  be  equal.  If  the  band  of  receiver 
Af  is  equal  to  the  band  of  signal,  i.e.,  when 


A/=»A/e  =  Af  (5.2.1) 

in  accordance  with  (5.1.5)  we  have 

v=>-.  I.  (5.2.2) 


Analysis,  carried  out  in  [5.1]  and  [5.3]  for  condition  (5.2.1), 
shows  that  during  transmission  of  OBP  of  relationship/ratio  between 
signal  and  noise  it  remains  without  change  and  therefore 


PoBH  ~  ^ 
PoBn  “  ^ 
\)Bn  =  ^ 


(5.2.3) 


In  actuality,  since  band  of  real  receiver  Af  always  is  somewhat 
more  than  band  of  signal  A/c,  gain  and  effectiveness,  obtained  with 
OBP,  prove  to  be  somewhat  less  than  one.  Therefore  value  (5.2,3) 
should  be  assigned  to  an  idealized  system  during  the  transmission  of 


OBP. 
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Comparison  (5.2.3)  with  (5.1.17)  and  (5.1.20)  shows  that  system 
with  OBP  satisfies  conditions  of  ideal  system  with  p=l.  Furthermore, 
since  in  the  ideal  case  for  the  system  with  OBP  v-1,  and  6bx=6bmx 
expression  (5.1.26)  coincides  with  (5.1.23);  this  means  that  in  the 
system  with  OBP  the  threshold  is  absent. 

5.3.  Frequency  modulation  (ChM). 

ChM  signal  at  input  of  receiver  in  the  absence  of  interferences 
can  be  recorded  in  the  form 

u  (i)  =  t/,  cos  (©af  +  (01,  (5.3.1) 

•S(0=jK(0d/.  ^5  3  2) 

Here  V(l'  >•  initial  signal,  transmitted  by  system  of 
communications  (communication/report) , 

A/,„= -^2.  _  maximum  change  (deviation)  in  frequency,  caused  by 
initial  signal,  moreover  Awm=/C«m  where  Km  -  coefficient,  which 

characterize',  the  rate  of  rise  of  modulation  characteristic 
(transmission  factor  of  modulator),  and  r,„(/)  -  maximum  (peak  or 
quasi-peak)  value  of  initial  signal  V(t). 

Page  121. 

During  transmission  of  harmonic  oscil-l-ation  1*  cos  Ot  with 
frequency  of  F=(Si/2ir)  value  V(t)  =  cos  Qti 

A©„,  =  K^f^, 

S  (0  —  -^sinQ/. 


(5.3.3) 

(5.3.4) 
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Therefore: 


V  (/)  i/jcoslwy/  +  /?isinQ/J, 
m  ^  fm 


(H.S.S) 

(5.3.6) 


Introducing  value  of  peak  factor  k,  equal  to  ratio  of  maximiim 
(peak  or  quasi-  peak)  value  of  transmitted  signal  to  its  effective 
(rms)  value,  can  be  obtained  Aw,„--Acoax; /n=max,  where  ^  =A/,  and  mj 
which  are  effective  (rms)  values  of  deviation  of  frequency  and  index 
of  modulation.  Values  A/,,,  and  m  determine  the  maximum  (peek  or 
quasi-peak)  values  of  the  deviation  of  frequency  and  index  of 
modulation. 


Selection  of  peak  or  quasi -peak  values  A/m  or  m  is  determined  by 
specific  problems.  By  such,  for  example,  during  calculations, 
connected  with  the  thermal  noises,  usually  are  utilized  quasi-peak 
values  (values  of  signal,  exceeded  during  1%  of  time),  and  in  the 
examination  of  sine  waves  -  peak  values.  Consequently,  in  the  case  of 
modulation  by  the  sine  wave,  for  which  k-\/2,  we  will  obtain 
A/V  A(0m=K2  Ao)a;  /n=  y"  2  m.^. 

In  considerable  excess  of  signal  above  noise  at  input  of  receiver 
and  absence  of  distortions  instantaneous  frequency  at  output  of 
circuit  as  derivative  of  phase,  can  be  found  from  (5.3.1)  and  (5.3.2) 

“ ^  J  “o  +  Au)„,V'(/).  (5.3.7) 

Instantaneous  value  of  signal  at  output  of  ideal  frequency 
discriminator,  calibrated  on  deviation  of  frequency,  is 
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written/ re corded  in  the  form 

=  =K^;^V(0.  (5.3.8) 

^  atDm  (I),=s0  ^ 

Page  122. 

Here  Kh^  characterizes  mutual  conductance  of  frequency 
discriminator  (transmission  factor  of  frequency  discriminator). 


As  a  result  of  e.rfect  on  input  of  receiver  of  signal  and  additive 
noises  it  is  possible  to  consider  that  noise  will  lead  to  change  in 
parameters  of  modulation.  ht  the  same  time  in  the  case  of  ChM  the 
spurious  modulation  must  be  considered  by  the  noises  of  the  phase  of 
oscillations.  Parasitic  amplitude  modulation  can  be  disregarded  as 
noises  with  the  ideal  limiter  and  operation  higher  than  the  threshold. 


If  spectral  power  (intensity)  of  fluctuation  noises  at  input  of 
receiver  on  single  resistor/resistance  is  equal  to  ,  then  at  output 
of  receiver  at  frequency  P  noise  intensity  on  single 
resistor/resistance  [5.1],  [5.3] 


(2nFs* 

0*  \^l' 


(5.3.9) 


Here  -  actual  voltage  of  input  signal  on  single 
resistor/resistance;  therefore  Vl=  Pc»x.  From  (5.3.9)  it  follows  that 
value  is  proportional  to  the  square  of  a  change  in  the  frequency 
and  can  be  by  the  curve  of  Fig.  5.3.1.  The  output  power  of  noise  in 
the  band  of  signal  frequancies  AF=Fj=Fi  (see  Fig.  5.3.1), 


Since  bands  of  frequencies  of  receiver  Af  and 
communication/report  AF  are  connected  with  relationship/ratio  Af=i'AF, 
with  Fi=0  and  upon  consideration  (5.3.11)  and  (5.3.10)  we  will  obtain 


(5.3.12) 


Fig.  5.3.1.  Dependence  of  output  power  of  noise  on  frequency. 
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capabilities  of  different  diagrams  and  methods  of  obtaining  ChM  and  by 
frequency  band,  permitted  or  allowed  for  the  transmission  of  ChM 
signal. 

We  will  perform  a  certain  transformation  of  obtained  expressions. 
In  the  case,  when  the  maximxjm  deviation  of  frequency  exceeds  the 
band  of  frequencies  of  the  transmitted  communication/report,  i.e.,  in 
the  case  of  broadband  ChM,  it  is  possible  to  approximately  consider 
that  the  optimum  band  of  the  receiver 

A/-2A/„.  (5.3.16) 

In  this  case  with  substitution  in  (5.3.13)  and  (5.3.14)  we  will 
obtain; 


(5.3.17) 

(5.3.18) 

Comparing  (5.3.17)  and  (5.3.18)  with  expressions  (5.1.18)  and 
(5.1.19),  it  is  possible  to  say  that  during  use  of  frequency 
modulation  communication  system  on  noise  immunity  is  distant  from 
ideal  system,  since  in  latter  gain  from  change  v  grows/rises 
considerably  sharper  than  with  ChM.  Let  us  note  that  the  gain  with 
ChM  in  the  real  receivers  proves  to  be  sufficiently  to  close  ones  to 
the  values,  determined  by  expressions  (5.3.13)  and  (5.3.17). 
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Let  us  determine  gain  and  generalized  gain,  obtained  during  use 


of  ChM  for  two  cases: 
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1.  Transmission  of  harmonic  oscillation  with  a  frequency  of  F; 
in  the  band  AF=Fj-Fi  with  Fi=0. 


On  the  basis  (5.3.13)  we  will  obtain 

o  3  # 

=  3-— V  =  —  m*v. 


Here  —  index  of  modulation,  Ar=»/T. 

Fi 


From  (5.3.14)  it  follows 


§HM  “  ~  P'lM  “  o 


(5.3.19) 


(5.3.20) 


2.  Transmission  in  band  AF  of  communications/reports  with 
identical  bands,  shifted  relative  to  each  other  in  frequency,  moreover 
band  of  each  message  AfK=4r  ^see  Fig.  5.3.2).  This  case  corresponds 

N 

to  the  frequency  modulation  of  the  oscillations  of  transmitter  by 
multichannel  telephone  signal  in  frequency  division  multiplex  N  of 
telephone  channels.  If  we  designate  total  maximxim  voltage  of  all  N 
channels  at  the  output  of  the  receiver  as  Umet,  maximum  voltage 

in  any  channel  through  then  noise  intensity  at  the  output  of 

receiver  at  frequency  F,  it  is  analogous  (with  5.3.9),  it  can  be 


recorded  as 


Output  power  of  noise  in  band  of  frequencies  of  channel  k  with 
central  frequency  of  Fk  will  be 

(5?3.22) 
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3  "■  F, 

i^Fh 

Fj  f 

Fk 

.^1 

• 

^  Af 

Fig.  5.3.2.  Arrangement/posit  ion  N  of  channels  in  band  AF. 
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A 

Usually  AFk^Fh,  therefore  value  — -  in  comparison  with  one  can 

I2f2 

be  disregarded/neglected.  This  approximation/approach  indicates  that 
spectral  noise  density  in  the  limits  of  the  band  of  channel  it  is 
considered  uniform  and  equal  spectral  density  at  frequency  which  is 
located  in  the  middle  of  the  band  of  channel. 


Taking  into  account  that 

U„N  ^  ^  (5.3.23) 

Umti  AWi/ik  ^fiiK  ' 


where  Af^  = 
channel ,  le 


AUn 


2n 


-  maximum  deviation  of  frequency,  which  falls  to  one 


t  us  find  value  of  gain  for  one  of  channels 

f'HMK 


A  _ 
PhMk 


AfKF^^» 


(5.3.24) 


Taking  into  account  (5.3.15),  it  is  possible  to  pass  from  maximum 
value  of  deviation  in  one  telephone  channel  Af,n„  to  effective  value  of 
deviation  Af,,  for  one  channel,  then 

Phmk  =  — (5.3.25) 


From  (5.3.24)  it  follows  that  with  identical  values  of  deviation 
of  frequency  channels  have  not  identical  gain.  The  higher  the  n\imber 
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of  channel,  i.e.,  the  higher  the  central  frequency  the  less  the 
gain,  obtained  using  ChM.  For  the  equalization  of  gain  is  introduced 
the  "predistoriion"  of  the  spectrum,  i.e.,  for  each  channel  different 
deviation  of  frequency  is  established/installed,  in  consequence  of 
which  a  change  in  the  gain  in  different  channels  they  prove  to  be  in 
the  limit  inferiors.  Let  us  recall  that  the  resulting  expressions, 
which  determine  gain  with  ChM,  prove  to  be  valid  only  then,  when  the 
power  of  signal  at  the  input  of  receiver  or  the  relation  of  the 
average/mean  power  of  signal  and  noise  at  the  input  of  receiver 
prove  to  be  above  threshold  value.  In  the  case,  if  this  is  not 
fulfilled,  the  gain,  given  during  the  use  of  frequency  modulation, 
sxabstantially  is  reduced.  Consequently,  during  the  construction  of 
the  communication  systems  with  ChM  the  value  of  threshold  level  plays 
the  decisive  role  during  the  selection  of  energy  relationships/ratios 
(power  of  transmitter,  the  gain  of  antennas,  noise  temperature  of 
receiver,  etc.). 

Computation  of  threshold  values  for  relations  of  average/mean 
power  of  signal  and  noise  at  input  and  output  of  receiver  and 
qaux),  can  be  carried  out  according  to  expressions  (5.1.29).  Let  us 
note  that  during  the  computations  appear  the  considerable  difficulties 
during  the  determination  of  values  6u»  and  6uux,  determined  by  the 
statistical  characteristics  of  random  processes. 

Energy  spectrum  of  real  process  at  input  of  receiver  depends  on 
such  parameters  as  signal-to-noise  ratio,  width  of  band  of  receiver, 
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value  of  deviation  of  frequency,  and  also  on  statistical  properties  of 
conununi  cat  ion/report  and  noise. 

Page  126. 

Energy  spectrum  at  the  output  of  receiver,  furthermore,  it  depends  on 
the  form  of  the  amplitude  characteristic  of  limiter  and  its  frequency 
characteristic.  The  numerous  investigations  of  threshold  values 
and  Haux.  carried  out  in  different  works,  among  which  one  should  note 
[5.4],  [5.6]  and  [5.1],  are  shown  to  the  sufficiently  good  coincidence 
of  theoretical  and  practical  results. 

Fig.  5. .^.3  gives  experimental  threshold  curves  during  the 
reception  of  ChM  of  signals  [5.6],  which  characterize  dependence 
on  9bx.  moreover  noise  at  output  is  measured  in  the  absence  of 
modulation  of  signal,  and  noise  at  iny Jt  of  receiver  is  measured  in 
entire  band  of  circuit,  which  precedes  frequency  discriminator. 

Value  (?Bbix  is  calculated  for  value  of  index  of  modulation  m=l  and 
with  different  values  v.  If  value  v>2,  then  system  can  work  with 
values  of  m>l;  however,  in  this  case,  to  numerical  values  q^ux, 
calculated  along  the  axis  of  ordinates,  one  should  add  10  Ig  The 
threshold,  with  which  the  relationship/ratio  between  9bx  and^BHx 
differs  from  linear  more  than  by  1  dB,  in  Fig.  5.3.3  is  designated  by 
points.  Let  us  note  that  more  to  the  right  these  points  proves  to  be 
valid  expression  (5.3.13)  The  examination  of  Fig.  5.3.3  shows  that 
df/oending  on  value  v  the  value  of  threshold  value  ^Binop  varies  from 
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3.5  to  12  dB,  i.e.,  from  2.5  to  16  times,  moreover  the  large  threshold 
signal  will  correspond  to  ’.arge  values  of  the  index  of  modulation  m. 

In  order  to  ensure  the  gain,  given  by  frequency  modulation,  it  is 
necessary  to  satisfy  the  condition 


*!f«t  ^  nop* 


(5.3.26) 
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Fig.  5.3.3.  Dependence  q,ux  on  q,s  with  ChM.  Values  along  the  axis 
of  ordinates  are  indicated  with  the  index  of  modulation  m=l;  for  other 
m  to  the  values  along  the  vertical  axis  to  add  10  Ig 
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Taking  into  account  given  above  threshold  values,  and  also  the 
fact  that  according  to  introduced  designations  Pcd£=?bxPu'bx,  we  obtain 
following  condition,  determining  the  power  of  signal  at  input  of 
receiver,  with  which  is  ensured  calculated  gain  j3: 

Pc»x  >  (2.5  ^  16) -  (2,5  -f- 16)  /cT,  A/.  (5.3.27) 

Here  Tv.  -  total  temperature  of  receiver  (see  Chapter  4),  and  Af 
is  width  of  band  of  receiver  at  input  and  with  accuracy  sufficient  for 
practice  is  determined  by  expression 

A/  =  2f(l+m).  (5.3.28) 

In  the  case,  when  expression  (5.3.28)  passes  in  (5.3.16). 

It  is  obvious  that  during  design  of  system  they  attempt  to  ensure 
its  normal  operation  with  possible  smaller  values  of  signal  at  input 
of  receiver  Pcx-  From  the  graphs,  given  in  Fig.  5.3.3,  and  expression 
(5.3.28)  it  is  possible  to  do  the  conclusion  that  in  this  case  is 
desirable  to  have  low  values  p.  However,  with  the  assigned  band  of 
initial  signal  reduction  in  value  v  will  lead  to  the  decrease  of  the 
band  of  receiver  Af,  consequently,  to  the  smaller  values  of  deviation, 
which  according  to  expression  (5.3.13)  will  lead  to  reduction  in  the 
value  of  gain  /3.  Thus,  the  selection  of  the  low  values  of  the 
parameter  u  (or  narrow-band  modulation),  although  it  permits 
confidently  to  work  with  the  low  values  'of  signal  in  the 
hyperthreshold  region,  nevertheless  will  lead  to  reduction  in  the  gain 
and,  in  the  final  analysis,  to  reduction  in  qualitative  indices  of  the 
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system  of  communications  -  value  4«wx. 

For  operational  provisions  in  hyperthreshold  region  at  least 
possible  power  of  signal  at  input  of  receiver,  in  accordance  with 
expression  (5.3.27),  it  is  possible  to  plan  following  paths: 

a)  reduction  in  equivalent  noise-ache  temperature  Tj.,  using 
low-noise  input  devices  of  receiver,  antenna  systems  with  small 
side-lobe  level,  high-quality  feeders  and  the  like? 

b)  change  in  coefficients,  which  stand  in  brackets  in  expression 
(5.3.27),  due  to  redistribution  of  energy  of  noise  along  spectrimi  with 
subsequent  filtration.  This  can  be  realized  by  the  limiters,  which 
have  the  amplitude  characteristic,  close  to  the  ideal,  after  which  is 
established/installed  the  filter  with  the  bandwidth,  equal  to  the  band 
of  the  signal  frequencies  and  noise  on  the  input  of  limiter.  The 
numerical  ratios  between  the  signal  and  the  noise  at  input  and  output 
of  this  system  limiter  -  filter,  proposed  by  Bagdadi  [5.7],  were 
established/installed  in  work  [5.63  by  Davenport.  The  efficiency  of 
this  method  depends  substantially  on  the  frequency  characteristic  of 
the  filter,  established/installed  after  the  limiter:  the  stronger  the 
limitation,  the  wider  must  be  the  uniform  part  of  the  characteristic. 

Page  128. 

This  is  necessary  so  that  the  effect  of  limitation  would  not  be 
distorted  by  selection  in  the  frequency,  since  precisely  the 
high-frequency  components  of  the  spectrum  after  limiter,  subjects  to 
the  input  of  discriminator  (device/equipment  of  the  realizing  of 
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conversion  of  ChM  oscillations/vibrations  into  AM 
oscillation/vibration),  characterize  the  quality  of  limitation. 
Therefore  filter  with  too  narrow  a  passband  or  nonuniform  frequency 
characteristic  weakens/attenuates  these  components  and  worsens/ impairs 
the  action  of  limiter.  Similarly  must  appear  the  frequency 
characteristic  of  discriminator.  As  show  experiments  [5.7],  the 
series  connection  of  several  limiters  with  the  filters  makes  it 
possible  to  additionally  decrease  the  numerical  coefficient,  entering 
expression  (5.3,27); 

c)  considerable  quantity  of  the*  methods  of  reduction  in  the 
threshold  value  of  signal  is  based  on  the  decrease  of  the  band  of 
frequencies  of  receiver  Af .  With  the  large  indices  of  modulation  this 
is  realized  with  the  help  of  the  special  diagrams  in  such  a  way  that 
the  instantaneous  value  of  the  frequency  of  ChM  signal  at  any  moment 
of  time  would  prove  to  be  within  this  band.  Thus,  for  example,  if  the 
broadband  frequency  modulation  of  oscillations  is  realized,  then  the 
reception  of  this  oscillation  can  be  carried  out  by  means  of  the 
narrow-band  receiver,  whose  band  is  moved  according  to  frequency  dial 
("follows")  in  accordance  with  the  instantaneous  value  of  the 
frequency  of  received  signal.  This  displacement/movement  of  the  band 
of  frequencies  of  the  receiver  can  be  realized  by  an  application  of 
voltage  from  the  output  of  frequency  discriminator  to  the  heterodyne 
or  the  control  system,  which  reconstructs  the  narrow-band  filter  of 
receiver.  The  phase  of  this  voltage/stress  in  entire  frequency  band  of 
the  transmitted  communication/report  must  be  such,  in  which  is  ensured 
a  precise  sequence  of  the  frequency  of  heterodyne  or  band  of 
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frequencies  of  the  retunable  filter  after  the  instantaneous  frequency 
of  the  taken  ChM  oscillation.  Under  these  conditions  is  feasible  the 
undistorted  reception  of  ChM  oscillation  even  if  A/<A/m. 

Consequently,  reception  of  ChM  oscillations  by  narrow-band 
receiver  with  "servo"  heterodyne  (this  method  is  called  method  of 
reception  with  feedback  in  frequency  -  OSCh)  or  receiver  with  "servo" 
filter,  established/installed  in  high  or  intermediate  frequency,  is 
feasible  to  special  receivers  with  known  band  of  frequencies  of 
transmitted  communication/report  or,  in  other  words,  at  known  maximxun 
speed  of  change  in  frequency  of  ChM.  For  reduction  in  the  threshold 
with  the  reception  of  broadband  ChM  oscillations,  besides  methods  with 
OSCh  and  servo  filter,  are  used  some  other  methods  of  reception  -  with 
frequency  divider,  with  the  addition  of  cophasal  or  orthogonal 
oscillation  relative  to  the  carrier  of  the  taken  ChM  oscillation,  etc. 
The  examination  of  different  methods  of  reduction  in  the  threshold  is 
given  in  works  [5.9],  [5.11]. 

Page  129. 

Application  of  OSCh  or  other  methods  makes  it  possible  to 
sufficiently  substantially  reduce  threshold  value  of  signal.  In 
particular,  the  application  of  OSCh,  examined  in  work  [5.10],  made  it 
possible  to  lower  threshold  to  9  db.  In  this  case  in  the  absence  of 
OSCh  the  index  of  modulation  was  equal  to  m=10,  which  corresponded  to 
value  vs22.  In  work  [5.11]  it  is  shown  that  the  application  of  OSCh 
makes  it  possible  to  obtain  further  gain  from  reduction  in  the 
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threshold 

Paoh  =  3,5m°'\  (5.3.29) 

Here  m  -  index  of  modulation.  With  m=5,  10  and  20  respectively 
are  obtained  the  gains,  with  respect  to  threshold  equal  to  6  db,  7.5 
db  and  9  db. 

In  section  10.2  examination  of  schematics  of  receivers,  which 
make  it  possible  to  carry  out  reduction  in  threshold,  is  given. 

Let  us  pass  to  examination  of  efficiency  of  communication  systems 
during  use  of  ChM.  For  this  into  expression  (5.1.12)  should  be 
substituted  the  value  of  gain  from  (5.3.13)  or,  if  is  examined 
broadband  ChM,  from  (5.3.17).  Being  limited  to  the  examination  of  the 
case  of  the  transmission  of  harmonic  oscillation  with  broadband  ChM, 
when  and  value  vS£2m,  after  substitution  (5.3.19)  we  find 

T)=—  .  (5.3.30) 

2m  Iog,(i7wt+  1) 

On  the  basis  of  this  expression  it  is  possible  to  draw  conclusion 
that  efficiency  of  system  is  raised  with  decrease  of  9bx-  if  we  take 
into  account  that  value  Qux  compulsorily  must  exceed  threshold  value, 
it  is  possible  to  conclude  that  with  the  work  of  system  near  the 
threshold  value  the  efficiency  of  system  will  be  more.  Thus, 
reduction  in  the  threshold  value  will  contribute  to  an  increase  in  the 
efficiency  of  the  communication  system. 
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Usually  value  (/bux  for  system  is  that  specified  or  by  norms, 
presented  to  communication  channel.  For  increasing  the  efficiency  of 
system  its  parameters  end,  in  particular,  the  gain  /3  should  be  chosen 
so  that  would  be  satisfied  the  following  conditions: 

^btxxBaB.  ~  Qbux  iiop  P  ^Bxnop'  (5.3.31) 

In  this  case  it  is  necessary  to  take  measures,  vrhich  ensure 
reduction  threshold  value  of  system.  If  the  parameters  of  system  are 
such,  that  then  reduction  in  the  threshold  values  will 

not  lead  to  an  increase  in  the  efficiency  of  system. 

Let  us  construct  graphic  dependence  of  efficiency  of  system  on 
‘/“■v  With  ChM  the  following  expressions,  which  determine  width  of  band 
of  signal  and  index  of  modulation  are  valid  in  general  form: 

A/  =  2f(m+  1). 

m  =  ^ ,  (5'3-32) 

r 

where  F  -  frequency  of  the  transmitted. 

Page  130. 

Considering  F=Fj,  and  band  of  optimum  receiver  equal  to  band  of 
signal  on  its  input,  let  us  find 

v  =  -^  =  2(mi- 1).  (5.3.33) 

r 

After  determining  from  this  expressi^  n  value  m  and  taking  into 
account  (5.3.19),  after  substitution  in  (5.1.12)  we  will  obtain 
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lo8i  l?M  +  1] 


(5.3.34) 


Fig.  5.3  gives  dependence  ^=/(7bx). 


5.4.  Pulse-code  modulation  (KIM). 


With  KIM  at  transmitting  end/lead  of  line  of  communications 
initial  signal  is  converted  into  code  combinations  of  groups  of 
pulses,  and  then  by  these  groups  is  realized  modulation  of 
oscillations  of  carrier  frequency.  Depending  on  the  form  of 
modulation  let  us  agree  to  designate  sijibsequently  through  KIM-AM 
amplitude  modulation  (manipulation)  of  oscillations  with  words  of 
pulses/momenta,  through  KIM-ChM  -  the  frequency  modulation  of 
oscillations  with  words  of  pulses/momenta,  and  through  KIM-FM  -  phase. 


Clock  period  T<,  through  which  follow  words  of  pulses/momenta,  in 
accordance  with  V.  A.  Kotelnikov's  theorem,  generalized  to  stationary 
random  functions  with  limited  energy  spectrum  [5.4],  is  determined  by 
band  of  transmitted  communication/report  AF  as  follows: 


1 

2Af  ■ 


(5.4.1) 


Since  AF=Fj-Fi,  where  F,  and  F^  respectively  greatest  and 
smallest  frequency  of  transmitted  communication/ report,  with  Fi=0  we 
will  obtain 
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Fig.  5.3.4.  Efficiency  of  ChM. 

Key:  (1).  Region  of  threshold  of  ChM.  (a).cib. 

Page  131. 

Each  character  corresponds  to  specific  quantized  level  of 
coimnuni cat  ions/reports  and  consists  of  n  isochronous  pulses/inomenta. 
During  the  binary  coding  it  is  possible  to  transmit  a  number  of  levels 


L  =  2". 


(5.4.3) 


Thus,  with  KIM  initial  signal  is  replaced  by  quantified,  which 
only  approximately  reflects  initial.  Because  of  this  quantization 
noises  appears.  The  relation  of  the  average/mean  power  of 
communication/report  Pc  and  quantization  noises  Pm/,  they  depend  on  a 
number  of  levels  of  quantization  [5.1] 


4/.  =  -^ 


3£«  _  a-y" 


.  (5.4.4) 


Here  k  -  peak  factor  of  transmitted  signal.  During  the 
transmission  of  sinusoidal  oscillation  K-yfT;  therefore 


(?/.=- 3-2*""’. 


(5.4.5) 
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From  (5.4.4)  and  (5.4.5)  it  follows  that  quantization  noises  will  be 
sharply  reduced  with  an  increase  of  the  number  of  pulses/momenta  in 
word.  In  this  case,  however,  will  increase  the  band  of  frequencies 
AfiiB.  occupied  by  the  quantized  communication/report.  The  latter  can 
be  determined  as  follows.  We  will  consider  that  along  the 
communication  system  with  the  help  of  code  combinations,  which  contain 
n  pulses/momenta  with  duration  t,  it  is  necessary  to  transmit  N  of  the 
initial  signals,  each  of  which  has  a  band  of  frequencies  Af. 

Therefore  the  band  of  frequencies  of  the  quantized  signal,  which 
requires  for  the  transmission  of  pulses/momenta  by  duration  r,  is 
determined  by  the  expression 


AF. 


a 

X 


(5.4.6) 


Here  a>l  is  coefficient,  which  depends  on  permissible  distortion 
of  shape  of  pulse. 

Duration  of  pulses  r  is  determined  by  obvious  relationship/ratio; 


Here  Q>1  is  determined  by  porosity  of  sequence  of  pulses/momenta. 
Taking  into  account  (5.4.1)  and  (5.4.6),  let  us  find  width  of  band  of 
the  quantized  signal 

^F„>2^FanNQ.  (5-4.8) 

Consequently,  during  transmission  of  one  initial  signal  (N=l) 
frequency  band  after  quantization  increases  more  than  in  2n  times. 
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During  transmission  along  channel  of  communication  of  quantized 
signal  at  output  of  receiver,  besides  signal,  thermal  noises  appear. 
The  relation  of  the  average/mean  power  of  signal  and  noise  at  the 
output  with  any  form  of  modulation  of  the  oscillations  of  transmitter 
characters  is  determined  by  following  expression  [5.1]: 


(L-D* 


1 


4  »*(£,*— DA  l-<I){a) 


(5.4.9) 


Here  a*{a)=-^re  ^  dx  -  probability  integral,  which  through  value 
V2«  J 
0 

a  is  found  from  tables.  The  parameter  a*  determines  the  ratio  of  the 
medium  energy  of  one  pulse/momentum  to  the  specific  power  of  noise, 
consequently,  a*  is  determined  by  the  form  of  modulation  of  the  i 

oscillations  of  the  carrier  frequency.  Let  us  note  that  entering 
expression  (5.4.9)  value  -yll  — ‘I*(a)l=p(a)  determines  the  probability  of 
the  erroneous  reception  of  the  elementary  impulses/transmissions  of 
code  combination. 

Let  us  now  move  on  to  refinement  of  values  a  with  different  types 
of  carrier  modulation.  Accordingly  given  determination 


(5.4.10) 


2  A/ 

With  KIM-AM  optimum  band  of  receiver  Af,  equal  to  band  of 
frequencies  of  radio  pulses,  it  twice  exceeds  band  of  quantized 
signal.  Therefore  upon  consideration  (5.4.6)  for  KIM-AM  let  us  find 

A/  =  2A/=‘„  =  2-^ .  (5.4.11) 


(5.4.11) 
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Keeping  in  mind  (5.4.8)  with  Q=l,  we  will  obtain 

A/  =  4A/’/iA^c.  (5.4.12) 

Substituting  (5.4.11)  in  (5.4.10)  with  a=l,  we  find  that  with 
KIM-AM 

=  (5.4.13) 

With  analogous  reasonings  it  is  possible  to  obtain  for  case 
KIM-ChM 


24, 


SX* 


(5.4.14) 


With  KIM-FM  let  us  find 


«*  =  44„.  (5.4.15) 

Being  assigned  by  different  values  4»x.  according  to  given  formulas 
it  is  possible  to  determine  value  a  for  different  cases  and  to  find 
probability  of  erroneous  reception  p(o)=-^(l_(l)  ^ct)j 
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This  dependence  is  given  in  Fig.  5.4.1.  the  gain,  depending  on  the 
method  of  modulation,  can  be  determined  from  (5.4.9)  upon 
consideration  (5.4.7)  and  (5.4.10)  according  to  the  expression 


'  KHM 


Qbx 


3(L  —  1)«.. _ t 

— \)a*nN  1 — <I>(a) 


(5.4.16) 


Here  parameter  p  is  located,  on  the  basis  of  band  of  signal,  i.e. 
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(5.4.17) 


In  the  case,  when  »x»l, 


V2n  a 


(5.4.18) 

Taking  into  account  (5.4.S)  with  L»1  and  equality  in  expression 
(5.4.1),  instead  of  (5.4.9)  we  will  obtain 


9»ux  =-4-ae  *  . 
y.» 

Taking  into  account  latter/last  expression  and  equalities 
(5.4.13),  5.4.14),  5.4.15),  let  us  find  value  of  gains  ^  with 

9»x 

different  methods  of  modulation. 


With  KIM-AM 


(J-  -~ti  * 

^  V*!/  n.  . 


(5.4.19) 


With  KIM-ChM 


Vb.1 


(5.4.20) 


With  KIM-FM 


6  =  -i-e-V 


(5.4.21) 


Corresponding  values  of  generalized  gains  can  be  obtained,  if 
resulting  expressions  are  divided  into  value  p,  which  is  determined  by 
expression  (5.4.17). 
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Fig.  5.4.1.  Dependence  of  probebility  of  erroneous  reception  on 
1  -  KIM-AM  ;  2  -  KIM-ChM;  3  -  KIM-FM. 

Page  134. 

According  to  expressions  {5.4.19)-(5.4.''l)  are  constructed  the  graphic 
dependences,  given  in  Fig.  5.4.2,  on  vhich  it  is  possible  to  do 
conclusions  about  the  value  of  the  gains,  which  are  obtained  in  the 
various  forms  of  modulation  by  code  combinations  of  groups  of  pulses. 


Real  gain  of  systems  with  KIM  proves  to  be  less  than  designed 
according  to  expression  (5.4.16)  or  according  to  expressions 
(5.4.19)-(5.4.21) .  For  KIM-AM  the  ratio  of  real  gain  to  the  ideal  | 
on  the  level  of  pulse  clipping  in  the  receiver,  equal  to  0.5,  is  given 
in  Table  5.4.1  [5.33. 


Let  us  consider  efficiency  of  system  in  the  case  of  KIM. 
Substituting  (5.4.19)-(5.4.21)  into  expression  (5.1.12)  and  keeping  in 
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mind  the  transmission  of  the  sine  wave,  for  which  a;*=2,  we  obtain  for 
KIM- AM 


—  *  logiLixC  +l] 


=  —  ~°:”7~  ^  -.  (5.4.22) 

^  »Og»{?lX+U 


for  KIM-ChM 


for  KIM-FM 


i  log»[K2q«e^*«4- l1 
''  IOg,{9,X+lJ 


(5.4.23) 


»  It<g8[2<y.xe’^^“4- l] 


(5.4.24) 


DOC  »  86120409  PAGE 


5.4.2.  Dependence  /3a:  *  on  1  - 
Fig.  5.4.3.  Dependence  -nv  on  «*»•■ 


rxg.  5.4.3. 

KIM- AM  ,  2  -  KIM-ChM,  3  -  KIM-FM. 
1  -  KIM-AK  ,  2  -  KIM-ChM,  3  - 


KIM-FM. 


Table  5.4.1. 


a 

1 

2 

i 

3 

4 

6 

1 

4 

9 

<6 

■ 

26 

5.  ^ 

j— 3,6 

-5,6 

-1 

-9,75 

-19,2 
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Results  of  calculations  of  value  from  according  to  given 
formulas  are  given  in  Fig.  5.4.3,  whence  it  follows  that  efficiency  of 
system  little  is  changed  with  constant  value  v, 

5.5.  Relationships/ratios  for  the  selection  of  the  fundamental 
parameters  of  the  communication  system.  . 


In  communication  system  through  ISZ  are  two  sections  of 
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connect ion/communi cat ion;  section  Earth-isz,  which  subsequently  we 
will  call  the  first  and  designate  by  index  1  and  section  isz-Earth, 
determined  by  index  2. 

Thermal  noises/  which  appear  for  each  of  these  sections  are 
statistically  independent;  therefore  on  outlet  of  channel  powers  of 
noises  of  individual  sections  will  store/add  up.  It  is  obvious  that 
the  total  noise  must  not  exceed  the  assigned  or  permissible  value. 


Passing  from  permissible  amount  of  power  of  thermal  noises  to 
relations  of  ocwer  of  noise  to  signal  in  individual  sections,  it  is 
possible  to  record 


2 

9 


9rim 


(5.5.1) 


Here  9«ux2  -  ratio  of  average/mean  power  of  signal  to  noise 
respectively  at  output  of  terrestrial  receiver  with  work  only  of 
second  section,  4»uii  -  at  output  of  airborne  receiver,  q  - 
relationship  at  output  of  terrestrial  receiver  with  work  of  entire 
circuit. 


We  will  consider  that 


(fytOX  —  (l(f 

=  bq. 


(5.5.2) 


where  a  and  b  -  coefficients,  which  consider  relationship/ratio 
between  noises,  which  are  introduced  in  different  sections. 
Substituting  (5.5.2)  in  (5.5.1),  let  us  find 
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Graph,  constructed  according  to  latter/last  expression,  is  given 
in  Fig.  5.5.1,  on  it  it  is  possible  to  select  relationship/ratio  a 
and  b.  Since  the  power  of  onboard  transmitter  is  always  lower  than 
the  power  of  terrestrial,  it  is  expedient  so  that  basic  part  of  the 
noises  would  be  determined  by  the  second  section.  From  this  it 
follows  that  values  for  b  should  be  chosen  close  to  one,  for  example, 
within  limits  of  1.05-1.2;  then  the  value  of  coefficient  a  will  be  in 
limits  of  6-20. 

Taking  into  account  (5.1.3)  and  (5.5.1),  we  will  obtain  following 
relationships/ratios; 


9(XlPl  9»XlP*  ’ 

(5.5.3) 

aa 

a  • 

Hi 

(5.5.4) 

a 

(5.5.5) 

Here  "  relation  of  average/mean  power  of  signal  and 

noise  at  output  of  communication  channel.  With  normal  conditions 
should  be  implemented  inequality  where  q^aa  -  allowed  value  q. 

Entering  latter/last  expressions  values  /S^,  -  gains,  which  are 

obtained  respectively  at  output  of  terrestrial  receiver  (with  work 
only  of  section  satellite  -  Earth)  and  at  output  of  onboard  receiver. 
On  the  basis  of  expressions  (3.1.1)  and  (4.5.1),  it  is  possible  to 
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sections  of  line  of  conmiuni  cat  ions. 


Page  137. 


Here  and  designate  total  attenuations  between  transmitter 
and  receiver,  determined  from  expression  (3.1.2)  respectively  for 
sections  Earth-satellite  (index  1)  and  satellite-Earth  (index  2),  and 
indices  in  all  other  designa Lions  determine  parameters  of  onboard  (b) 
or  terrestrial  (3)  equipment.  Usually 

(5.5.7) 


Therefore  in  the  case,  when 


T’te  A  A  Tj.^£ih 
PnJi  ^  .»„6p,  ■ 


(5.5.8) 


it  is  possible  to  be  bounded  to  calculation  of  noises  only  in  section 
2,  i.e.  to  carry  out  calculation  instead  of  expression  (5.5.6) 
according  to  (}>-le 


A  ft 


(5.5.9) 
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Chapter  6. 


Principles  of  multiplexing  of  lines  of  communications. 
6.1.  Characteristics  of  signals. 


In  examination  of  principles  of  multiplexing  lines  of 
communications,  which  make  it  possible  to  carry  out  simultaneous 
transmission  along  one  channel  of  communication  of  several  telephone 
or  TV  signals,  it  is  necessary  to  consider  fundamental  characteristics 
of  signals.  In  accordance  with  this  should  be  in  the  most  general 
form  examined  the  following  characteristics  of  telephone  signals,  TV 
signal  and  signal  of  the  sonic  tracking: 


-  signal  aspect, 

-  the  frequency  band,  occupied  by  signal, 

-  dynamic  range. 


Telephone  signal  is  random  process  with  zero  average/mean  value. 
For  the  faultless  reproduction  of  Russian  speech  the  frequency  band  of 
65-10000  Hz  [6.7]  is  necessary,  during  the  use  of  a  frequency  band 
within  the  limits  from  100  to  6000  Hz  the  reproduction  of  speech  is 
recognized  by  good.  One  should  note  that  the  contraction  of  the 
frequency  band  to  the  values  of  300-3400  Hz,  accepted  by  MKKTT 


PAGE 
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[International  Telegraph  and  Telephone  Consultative  Conunittee]  in 
1946,  barely  decreases  the  intelligibility  of  speech,  although 
somewhat  decreases  its  naturalness. 


Phase  distortions  little  affect  quality  of  telephone 
communication.  Therefore  in  the  band  of  frequencies  of  the  channel  an 
admissibly  considerable  change  of  the  group  propagation  time,  which  is 
determined  derived  phase-frequency  characteristic.  A  difference  in 
the  group  propagation  time  at  the  highest  transmitted  frequency  and  at 
the  medixOT  frequencies  must  not  exceed  30  ms. 

Signal  of  sonic  tracking  so,  as  telephone  signal  presents  random 
process  with  zero  average/mean  value.  Numerous  investigations  showed  ^ 
that  for  a  good  reproduction  of  different  musical  products  the 
frequency  band  from  50  to  10000  Hz  (I  class)  was  sufficient, 
satisfactory  reproduction  is  obtained  with  the  band  100-6000  Hz  (II 
class)  [6.8]. 

Page  139. 

Phase  distortions  virtually  do  not  affect  quality  of  reproduction 
of  signal  of  sonic  tracking. 


TV  signal  (video  signal)  consists  of  picture  signal  and  signals 
of  synchronization,  i.e.,  is  defined  both  by  random  and  determined 
functions.  Fig.  6.1.1  shows  the  possible  form  of  the  oscillogram  of 
one  row  of  video  signal.  From  the  figure  it  follows  that  the  video 


DOC  =  86120410 


PAGE 


X 

signal  contains  constant  component,  whose  value  changes  in  the 
dependence  on  the  illumination  or  the  brightness  of  the  transmitted 
image.  One  sh  uld  note  that  according  to  the  standard  accepted 
picture  signal  occupies  70%  of  spread/scope  of  video  signal;  30%  of 
spread/scope  of  video  signal  occupy  timing  pulses. 

In  accordance  with  Pig.  6.1.1  repetition  period  of  row  of  video 
signal  on  standard,  accepted  in  USSR  and  which  corresponds  to 
recommendations  of  MKKR  [International  Radio  Consultative  Committee], 
is  64  MS.  During  one  frame  by  the  standard  are  transmitted  625  rows, 
in  one  second  -  25  frames/personnel  (50  fields),  which  corresponds  to 
the  transmission  of  15625  rows.  Clock  line-scanning  frequency  is 
equal  to  15625  Hz. 

For  TV  signal  bandwidth,  accepted  by  MKKR  for  communication 
systems  through  ISZ,  is  5  MHz.  The  analysis  of  the  power  distribution 
along  the  spectrum  shows  that  in  video  signal  basic  part  of  the  power 
is  concentrated  in  the  frequency  region  of  below  200-250  kHz,  and 
approximately  5-15%  of  entire  power  -  in  the  frequency  band  of  above 
1.2-1. 7  MHz.  One  should  note  that  near  the  harmonics  of  horizontal 
frequency  the  concentration  of  power  is  observed,  and  in  the  middle  of 
the  gap/interval  between  the  adjacent  harmonics  the  power  of  signal  is 
close  to  zero.  Especially  sharply  this  phcmomenon  is  developed  at  the 
frequency  region,  which  lie  below  150-400  kHz.  Therefore  in  one  band 
with  the  TV  signal  the  transmission  also  of  other  signals  is  possible. 
This  is  utilized  during  the  transmission  of  color  television,  and  in 
some  systems  -  for  the  transmission  of  sonic  tracking. 
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Fig.  6.1.1.  Oscillogram  of  video  signal. 

Key:  (1).  White  level.  (2).  Picture  signal.  (3).  Video  signal. 
(4).  Black  level.  (5).  Level  of  extinguishing  (zero).  (6).  Level 
of  synchro  pulse.  (7).  ms.  (8).  Signal  of  synchronization. 


Page  140. 

In  connection  with  the  fact  that  amplifiers  widely  used  in 
communication  systems  do  not  pass  constant  component,  during 
transmission  of  video  signal  it  is  necessary  to  take  special  measures, 
which  make  it  possible  at  point  of  reception  to  restore/reduce  its 
level.  For  this  the  diagrams  of  fixation  of  one  of  the  levels  of  TV 
signal  (apex/vertex  level  of  timing  pulses  or  extinguishing 
pulses/momenta/  can  be  used.  Let  us  note  that  fixation  of  the  level 
of  video  signal  must  be  realized  directly  in  control  electrode  of 
modulator  (for  example,  in  the  grid  of  reactance  tube,  in  the  repeller 
of  klystron,  etc.),  since  otherwise  the  linear  section  of  the 
characteristics  of  modulator  and  demodulator  must  be  expanded, 
approximately,  one  and  a  half  times. 
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If  conununication  channel  must  be  utilized  both  for  transmission 
of  multichannel  telephone  signal  t.nd  for  transmission  of  TV  signal, 
application  of  clamping  circuits  is  undesirable,  since  this  disrupts 
universality  of  channel.  In  this  case  can  be  used  of  the 
predistorting  filters  on  the  side  transmissions  (to  the  modulator)  and 
those  restoring  -  on  the  side  of  reception  (after  detector).  Tne 
introduction  of  the  predistorting  filter  reduces  the  amplitude  of  the 
low-frequency  components  of  TV  signal.  Filter  can  be 
established/installed  at  any  point  of  video  circuit,  i.e.,  in  any 
cascade/stage,  which  precedes  modulator,  while  the  installation  of  the 
schematic  of  fixation  of  the  level  must  be  realized  directly  in  the 
modulator.  Therefore  the  predistorting  filters,  established/installed 
in  the  television  video  amplifiers,  will  not  be  utilized  during  the 
transmission  of  multichannel  telephone  signal.  This  makes  it  possible 
to  create  the  universal  communication  channel  with  one  and  the  same 
modulators  and  demodulators. 

Fig.  6.1.2  gives  amplitude-frequency  characteristic  of 
predistorting  filter,  recommended  by  MKKR  for  radio  relay  lines  with 
ChM  during  transmission  of  TV  signal  with  standard  of  625  rows.  The 
amplitude-frequency  characteristic  of  the  restoring  filter  must  be 
reverse/inverse  to  the  characteristic,  shown  in  Fig.  6.12. 

At  present  for  communication  systems  through  ISZ  norms  to 
characteristics  of  predistorting  filter  are  absent. 
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Fig.  6.1.2.  Amplitude-frequency  characteristic  of  predistorting 
filter. 

Key:  {!).  d3.  (2).  MHz. 
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6.2.  Principle  of  the  construction  of  equipment  for  frequency 
division  multiplex  during  the  transmission  of  telephone  signals. 

Multiplexing  is  necessary  in  order  along  one  line  of 
communications  to  carry  out  transmission  of  several  signals.  With  the 
frequency  division  multiplex  the  bja'^/displacement  (transposition)  of 
the  spectrum  of  the  transmitted  signals  is  utilized.  So,  for  example, 
if  it  is  necessary  to  transmit  the  telephone  signals  of  several 
subscribers,  each  of  whom  occupies  one  and  the  same  frequency  spectrum 
from  Fm.!!!  to  then  with  the  aid  of  the  equipment  for  frequency 

division  multiplex  the  transposition  of  these  spectra  is  accomplished 
then,  as  shown  in  Fig.  6.2.1.  From  Fig.  6.2.1  it  follows  that  the 
width  of  the  spectrum  of  each  signal,  equal  to  A/'„=f„uK<.— during 
the  transposition  it  remains  constant/invariable.  The  spectra  of  the 
signals  of  individual  subscribers  (1,  2,  3,  4,  ...,  P,  M,  ...,  N)  on 
the  side  of  transmission  are  shifted/sheared  in  the  frequency  in  such 
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a  way  that  between  them  are  formed  sone  protective  belts,  necessary 
for  eliminating  interferences  between  the  transmitted  signals  and 
facilitating  the  separation  of  line  spectrum  by  filters  during  inverse 
transformation  on  the  side  of  reception. 

In  accordance  with  recommendations  of  MliKTT  each  telephone 
occupies  frequency  band  from  300  Hz  to  3400  Hz,  and  width  of  band 
-AfK = 3400—300 =3100  Hz . 


Total  band,  determined  by  sum  oi  bands  of  telephone  signals  and 
by  protective  belts  between  adjacent  .signals,  is  equal  to  4  kHz, 
Therefore  during  the  transmission  of  :elephone  signals  along  the  N 
channels  the  width  of  line  spectrum  will  comprise 

AF  —  Ft  —  Fi~  4N  Kan-  ([) 

Key :  ( 1 ) .  kHz . 

Here  Fj  and  Fi  respectively  upper  and  lower  frequencies  of  line 
spectrum.  One  should  note  that  with  a  considerable  n\xmber  of  channels 
between  the  adjacent  groups  of  the  channels  are  introduced  wider  gviard 
bands  of  frequencies  than  between  the  adjacent  individual  channels; 
this  somewhat  simplifies  the  execution  of  filters  in  the  equipment  for 
multiplexing  and  channel  separation.  Therefore,  beginning  with  N-300, 
it  is  possible  to  accept 

A  F  -=  /-J  —  F,  s  4,2A'  Kill,  (i,  )  (6.2. 1) 

y  ” "  f 1 ) .  kHz , 
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Fig.  6-2.1.  Conversion  of  spectra  with  frequency  division  multiplex. 
Key:  (1).  Line  spectrum. 
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Fig.  6.2.2  gives  block  diagram,  which  elucidates  principle  of 
construction  of  equipment  with  frequency  division  multiplex  and 
formation  of  telephone  channel  with  number  p.  Telephone  signal  with 
spectrum  AFK=FuoKc—fmm  from  subscriber  P  passes  through  differential 
system  flC  and  it  proceeds  to  the  balanced  modulator  EM.  The  same 
modulator  the  oscillation  with  a  frequency  of  Fp  simultaneously  is 
supplied.  As  a  result  of  modtilation  of  variations  of  frequency  Fp  by 
signal  with  spectrum  Ftua-^F^nKc  at  the  output  of  BM  are  formed  the 
oscillations  of  upper  side  bands  Fa=Fp+(FMUH-.-FMKcy  and  lower  side  bandL 

Fn  —  Fp — mskc^- 

Oscillations  either  of  upper  or  lower  side  bands  pass  through 
band-pass  filter  n<Pp  and  after  amplifier  yc 
connections/communications  are  supplied  into  line. 
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Oscillations,  which  passed  line  of  communications,  amplifier  yc 
and  band-pass  filter  proceed  to  demodulator  A  of  equipment  for 

multiplexing.  Simultaneously  with  them  to  demodulator  they  are 
fed/conducted  variation  of  frequency  Fp.  At  the  output  of  demodulator 
the  oscillation.'^  of  the  difference  frequencies 

=  =  Fp~[Fp  -  (6-2.2) 

are  isolated. 

These  oscillations,  after  filter  of  low  frequencies,  are  supplied 
to  differential  system  flC,  and  then  proceed  to  correspondent  p'. 
Transmission  from  point/item  B  to  point/item  A  occurs  analogously. 

Let  us  note  that  for  the  undistorted  transmission  it  is  necessary  that 
the  frequencies  Fp  which  are  supplied  to  the  modulator  and  to  the 
demodulator,  established/installed  in  different  points/items,  would  be 
identical.  Therefore  during  dev  ..opment  and  operation  of  equipment 
for  multiplexing  special  attention  is  paid  to  frequency  stability  of 
the  generators,  from  which  the  oscillations  proceed  to  user  modulators 
and  demodulators.  For  this  at  each  station  is  utilized  the 
yeneral/common  generator  with  high  relative  frequency  stability 
(reaching  to  10'*),  from  which  through  different  multipliers  and 
frequency  converters  the  oscillations  are  supplied  to  modulators  and 
demodulators  of  different  subscribers. 

Fig.  6.2.2  shows  connection  to  common  line  of  communications  of 
individual  circuits  of  other  sxibscribers .  Each  of  such  circuits 
contains  AC,  and  also  band-pass  filters  n4>  and  individual 
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modulators  BM  and  demodulators  fl,  to  which  the  oscillations  of  the 
corresponding  frequencies  are  fed/conducted,  in  consequence  of  which 
the  necessary  bias/displacement  of  the  signal  of  subscriber  into  the 
specific  section  of  line  spectrum  is  provided.  The  connection  of  the 
individual  circuits  of  different  subscribers  is  realized  after  the 
band-pass  filters  of  channels  on  the  side  of  transmission  and  before 
the  band-pass  filters  of  channels  on  the  side  of  reception.  The 
described  principle  of  the  construction  of  equipment  for  multiplexing 
is  accepted  during  the  creation  of  standard  twelve-channel  block  with 
the  line  spectrum  60-108  kHz.  This  block  forms  the  primary  group  of 
channels. 
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One  should  note,  that  for  transmission  of  broadcast  signal  or 
signal  of  sonic  tracking  of  television  program,  with  band  300-6000  Hz, 
in  standard  module  association/unification  of  two  telephone  channels 
is  provided  that  it  is  achieved  by  start  of  auxiliary  equipment.  For 
the  transmission  of  broadcast  signal  or  signal  of  the  sonic  tracking 
of  the  I  class  (with  the  band  50-10000  Hz)  the  association/unification 
of  three  telephone  channels  is  possible.  For  the  creation  of  the 
multichannel  equipment,  designed  for  the  transmission  of  a  large 
number  of  channels,  they  utilize  several  primary  groups,  whose  line 
spectra  with  the  aid  of  the  group  frequency  converters  Fp.  n  (analogous 
to  individual  balance  modulators)  and  filters  are  transferred  into  the 
appropriate  section  of  the  group  spectrum.  In  this  way  can  be  formed 
the  secondary  group,  which  consists  of  five  primary  groups  of 
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channels. 

Plock  diagram  of  equipment  to  60  telephone  channels  is  shown  in 
Fig.  6.2.3.  of  this  figure  it  follows  that  60-channel  equipment  has 
line  spectrum  of  frequencies  from  312  kHz  to  552  kHz,  i.e.,  width  of 
line  spectriim  AF=240  kHz.  There  is  somewhat  different  construction  of 
equipment  on  60  telephone  channels,  with  which  the  frequency  spectrum 
from  12  kHz  to  252  kHz  is  occupied.  The  difference  between  these 
versions  of  the  construction  of  equipment  consists  in  the  fact  that  in 
the  second  version  the  supplementary  conversion  of  the  spectrum  from 
region  312-552  kHz  to  region  12-252  kHz  is  realized.  Let  us  note  that 
in  the  systems,  which  use  frequency  modulation,  is  more  expedient  the 
application  of  that  equipment  for  multiplexing,  whose  line  spectrum  of 
frequencies  lies/rests  at  the  region  of  lower  frequencies,  since  in 
this  case  with  the  constant  value  of  the  deviation  of  frequency  as  a 
result  oi  an  increase  of  the  index  of  modulation  the  power  of  noises 
in  telephone  channels  at  the  output  of  line  will  prove  to  be  less. 
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Fig.  6.2.2.  Principle  of  construction  of  equipment  with  frequency 
division  multiplex. 

Key;  {!).  From  the  transmitting  equipment  of  other  channels.  (2), 
To  the  receiving  equipment  of  other  channels.  (3).  Spectrum.  (4). 
Line  of  communications.  (5).  Point/item. 
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For  forming  tertiary  group,  by  capacity/capacitancs  300  of 
telephone  channels,  are  utilized  five  secondary  groups,  constructed  in 
accordance  with  block  diagram  of  Fig.  6.2.3,  in  which  then  line 
spectra  are  transferred  into  different  sections  of  group  spectriun.  As 
a  result  of  this  during  the  transmission  of  300  telephone  channels 
will  be  occupied  the  frequency  spectrum  from  60  kHz  to  1300  kHz,  i.e., 
with  a  span  of  Ar=1300-'60=1240  kHz. 
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Fig.  6.2.3.  Block  diagram  of  equipment  to  60  channels. 

Key:  (1).  channels.  (2).  Equipment  of  primary  groups.  (3). 
Equipment  of  secondary  group.  (4).  Equip,  of  12  channels 
(transmission).  (5).  Equip,  of  12  channels  (reception).  (6). 
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For  forming  the  tertiary  group,  by  capacity/capacitance  into  300 


kHz. 
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telephone  channels,  are  utilized  25  primary  groups  (twelve-channel), 
from  which  are  five  secondary  groups  (six-teh-channel) .  Multichannel 
equipment  with  an  an  even  larger  number  of  channels  is  formed  from 
several  channel  groups.  In  Table  6.2.1  are  brought  the  data, 
characterizing  group  spectra  of  multichannel  equipment. 


One  should  note  that  construction  of  multichannel  equipment  from 
standard  modules,  multiple  12,  ,60  and  300  for  channels,  makes  it 
possible  to  unify  nodes  of  station  equipment  and  to  improve  their 
interchangeability  and  redundancy. 


Let  us  pass  to  examination  of  characteristics  of  multichannel 
telephone  signal.  From  the  construction  of  the  equipment  with  the 
frequency  division  multiplex  of  channels,  shown  in  Pig.  6.2.2,  it 
follows  that  the  linear  (or  group)  spectrimi  is  formed  from  the  signals 
of  different  subscribers,  which  enter  the  input  of  equipment  for 
multiplexing.  In  the  multichannel  systems  telephone  channels  are 
utilized  not  only  for  the  transmission  of  telephone 

communications/reports;  along  some  telephone  channels  is  conducted  the 
transmission  of  telegraph  and  phototelegraphic  signals,  or  broadcast 
signals.  At  the  same  time  along  the  channels  the  impulse/transmission 
of  line  signals,  measuring  signals,  etc  sometimes  is  realized. 
Therefore  the  definition  of  the  characteristics  of  group  signal  taking 
into  account  all  possible  combinations  of  charging  is  very  complicated 
matter.  One  should  still  consider  that  the  value  of  charging  the 
communication  system  also  is  not  constant,  since  a  niomber  of  utilized 
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channels  depends  on  the  time  of  days,  occurring  events,  etc.  In  order 
to  exclude  the  inconstancy  of  charging,  characteristic  of  multichannel 
signal  accepted  to  determine  for  the  hour  of  the  greatest  charging  of 
system,  moreover  the  fundamental  form  o£  charging  is  created  by 
telephone  signals.  It  is  possible  to  consider  that  the  telephone 
signals,  which  come  from  sxibscribers  the  input  of  the  communication 
system,  are  independent  from  each  other.  These  signal  levels  are  the 
random  functions  of  time,  whose  instantaneous  values  it  depends  on  the 
sounds,  pronounced  by  siabscribers,  the  timbre  of  voice  and  temperament 
of  subscribers,  quality  of  telephone  set  and  line  of  communications 
between  the  subscribers,  equipment  of  multiplexing,  etc.  Together 
with  these  random  and  independent  from  each  other  phenomena  during  the 
definition  of  the  characteristics  of  multichannel  ccmmunicat ion/report 
should  be  considered  also  that  the  fact  that  the  simultaneity  of  the 
conduct  of  conversations  by  absolutely  all  subscribers  is  very 
scarcely  probable. 
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Table  6,2.1. 


60  12  252  240 

60  312  552  240 

120  60  552  492 

300  60  1300  1240 

600  60  2540  2480 

960  60  4028  3968 

1800  312  8204  7892 

2700  312  12388  12076 

Key:  (1).  Nianber  of  channels.  (2).  kHz,. 
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For  these  reasons  a  quantity  of  the  "active"  cbannels  n,  i..e.. ,  those, 
along  which  is  conducted  the  transmission  of  telephone  signals  durinq 
99%  of  time,  is  not  equal,  but  it  is  less  than  the  total  mmibar  of 
channels  N  of  the  considered/examined  communication  system,  Fig, 
6.2.4  gives  the  dependence  of  activity  coefficient  k=n/N  on  a  total 
nvimber  of  channels  N,  constructed  for  the  hour  of  greatest  charging 
[6.1].  From  the  examination  of  this  graph/curve  it  follows  that  with 
increase  in  N  the  activity  coefficient  approaches  value  of  0.25. 
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Fig .  6.2.4. 


Fig .  6.2.5, 


Pig.  6...2.4.  Dependence  of  activity  coefficient  on  number  of  channels 


Key:  (I),  Numbers  of  channels  N. 


Fig.  6.2.5.  Graph/curve  of  values  of  peak  fector  k  of  multichannel 
signal . 

Key:  (1).  k,  dB.  (2).  Limiting  curve. 
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Taking  into  account  chance  and  mutual  independence  of  levels  of 
telephone  signals,  which  enter  channels  of  multichannel  communication 
iystBfH(  it  is  possible  with  confidence  to  consider  that  complete  group 
signal  ii  lliS  random  function  of  time,  which  has  very  abrupt  changes 
of  voltage/stress  and  power  at  separate  moments. 


Peak  factor  k-  of  group  signal,  equal  to  relation  of  peak  power 


(exceeded  for  time,  § 


to  e,  from  total  time  of  observations),  to 
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average/mean  power  of  group  signal,  for  different  nximber  of  active 
channels  is  characterized  by  dependences,  given  in  Fig.  6.2.5.  The 
same  figure  gives  the  second  scale,  on  which  is  indicated  the  total 
nxjmber  of  channels,  calculated  in  accordance  with  F43.  6.2.4.  One 
should  note  that  curves,  shown  in  Fig.  6.2.5,  are  obtained  for  smooth 
conversation.  The  fact  that  with  a  small  number  of  channels  the 
difference  between  the  peak  value  of  power  and  the  average/mean  power 
proves  to  be  considerably  larger  than  with  a  larger  nimber  of 
channels,  is  characteristic  for  these  curves. 

Different  researchers  obtained  not  identical  values  for 
average/mean  power  Pk  of  active  channel,  developed  during  sufficiently 
large  time  interval  of  observations  at  point  with  zero  relative  level 
(determination  of  zero  relative  level  see  in  Appendix  1).  Thus,  for 
the  telephone  exchange  of  the  USA  Holbrook  and  Dixon  [6.1]  found  that 
this  value  composes  10.1  dBm,  and  Brokbank  and  Woss  [6.2]  in  Great 
Britain  determined  its  equal  to  15.6  dBm.  This  disagreement  in 
determination  Pk  is  explained  by  the  national  temperament  of 
subscribers  and  by  different  quality  of  exchange  lines,  since  with  a 
good  intelligibility  of  speech  subscribers  attempt  to  speak  less 
loudly. 

One  should  note  that  in  spite  of  possibility  of  sharp  difference 
in  levels  of  separate  channels,  average/mean  power  of  group  signal  Pcp 
will  be  more  constant.  During  determination  p,-,,  it  is  possible  to 
consider  that  in  connection  with  the  random  law  of  a  change  in  the 
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levels,  the  signals  in  different  channels  prove  to  be  not  correlated. 

Therefore  the  average/mean  power  of  all  channels  will  be  equal  to  the 

sum  of  average/mean  power  of  the  active  channels  n  and  the  certain 

supplementary  power  p’,  defined  by  the  fact  that  along  the  line  of 

communications  together  with  the  telephone  signals  both  line  signals 

and  oscillations  incompletely  suppress.ed  in  the  balanced  modulators  of 

thf  carrier  frequencies  of  the  individual  channels  are  transmitted. 

Therefore  the  average/mean  power  of  all  channels 

P.p  =  Pk  +  lOlg/i  f  p'  =--=  Pk  +  p'  +  lOlg  kti  =  Pkcp  +  lOlg  N. 

(6.2.3) 

Here  Phcp=PK+p'+l01gfe  -  conditional  value  of  the  absolute  level  of  the 
average/mean  power  of  the  signal,  transmitted  on  telephone  channel  to 
the  hour  of  the  greatest  charging;  k=n/N  -  activity  coefficient  of 
channels. 
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MKKTT  and  MKKR  for  point  with  zero  relative  level  with  large 
n\imber  of  telephone  channels  (NS240)  accepted  value  p„,.p=  —15  dBm 
(-1.73  Np) .  Therefore  the  absolute  level  of  the  average/mean  power  of 
group  signal  at  point  with  the  zero  relative  level  in  the  hour  of  the 
greatest  charging  can  be  defined  as; 

Pep  =  —  15  +  lOlgA^,  ddJuQ)  n9^  N  >  240 
Pep  =  —  1 ,73  f  y  In  A^.  240  ' 

Key;  (1).  dBm.  (2).  with.  (3).  Np. 

One  should  note  that  in  the  case  of  secondary  multiplexing  of 
telephone  channels  (for  transmission  of  telegraph  and  phototelegraphic 
signals)  proves  to  be  somewhat  more.  Taking  this  into  account  in 
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the  Soviet  systems  of  multichannel  communication  it  is  customary  to 
assume  Pkcp=  — 12  dBm  (-1.38  Np). 

With  number  of  channels  N<240  MKKTT  and  MKKR  recommend  to  use 
expressions: 

Pep  =  —  I  +  41g  A^,  1^12  <  240  1 

Pcp  =  0.115+0.2inA^,  i(^12<iV<  240  j 

Key:  (1).  dBm.  (2).  with.  (3).  Np. 

Fig.  6.2.6  gives  diagram,  characterizing  at  point  with  zero 
relative  level  levels  of  multichannel  communi cat  ion/ report  with  N>240 
and  sine  wave  with  measuring  level.  Determination  of  measuring  level 
is  given  in  appendix  4. 
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Fig.  6.2.6.  Diagram  of  multichannel  signal  level  with  N>240. 

Key;  (1).  Absolute  levels  of  signal  in  point  with  the  zero  relative 
level,  dB.  (2).  Peak  power  of  multichannel  signal,  exceeded  by  €%  in 
course  of  time.  (3).  ...  (see  Pig.  6.2.5).  (4).  Average/mean  power 

of  multichannel  signal.  (5).  Peak  power  of  sine  wave.  (6). 

Measuring  level  of  sine  wave.  (7).  Average/mean  power  of  averaged 
signal  of  subscriber. 
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From  expression  (6.2.4)  and  (n.4.8),  which  is  given  in  appendix 
4,  it  follows  that  at  point  with  zero  relative  level  average/mean 
power  of  multichannel  telephone  signal; 


Pep  =  jH8m^  I 

Pep  =  .Sj 


(6.2.6) 


Key:  (1).  mW. 


Absolute  levels  of  average/mean  power  of  group  signal  at  point 
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with  zero  relative  level,  designed  according  to  expressions  6.2.4  and 
6.2.5,  and  also  amount  of  average/mean  power  of  this  signal  at  the 
same  point,  calculated  according  to  expression  5^2.6  for  different 
nuunber  of  telephone  channels,  are  given  in  Table  6.2.2. 

Theoretical  and  experimental  studies  [6.3],  [6.4]  multichannel 
telephone  signal  showed  that  in  this  random  process  of  U(t) 
probability  distribution  for  instantaneous  values  of  signal  is 
subordinated  to  normal  law.  At  the  same  time  it  was  proved  [6.5]  that 
the  multichannel  signal  is  stationary  random  process. 

In  group  signal  is  absent  constant  component;  therefore 
average/mean  value  (designated  in  further  formulas  by  feature 
collation)  of  multichannel  signal  a*U{t)=0. 

Exemplary/approximate  form  of  energy  spectrum  of  multichannel 
signal  is  shown  in  Fig.  6.2.7.  Is  here  along  the  axis  of  ordinates 
spectral  power  density  G(Jl)  plotted. 

From  Fig.  6.2.7  it  follows  that  spectral  power  density  of  real 
multichannel  signal  has  different  values  on  edges  and  in  middle  of 
band  of  each  telephone  channel  and  is  turned  into  zero  among  separate 
channels. 


DOC  =  86120410 


PAGE 


Table  6.2.2. 


o') 

H«cvio 

KaHiUlOB 

.^cp 

1 

^ Cp 

1  Mom 

1 

TJ7 

Hun 

d6 

60 

0.70 

6.1 

4.05 

120 

OM 

7.3 

5,36 

240 

1,01 

8.8 

7.53 

3(X) 

1.12 

9.8 

9.39 

600 

1,47 

12,8 

18.92 

960 

1,70 

14.8 

29,96 

1200 

1.81 

15,8 

37,33 

1800 

2,01 

i  17.6 

55,65 

1920 

2,05 

17,8 

60,37 

Key:  (1).  Nianber  of  channels.  (2).  Np.  (3).  dB.  (4).  mW. 


Fig.  6.2.7.  Energy  spectrum  of  multichannel  signal. 


nn 


Si,*23rf, 
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The  approximately  energy  spectrxun  of  real  multichannel  signal  in  the 

limits  of  cut-off  frequencies  can  be  replaced  by  the  uniform  energy 

spectriam  (Fig.  6.2.8).  In  this  case: 

G(Q)-GoCOnpHF,<F<Fa  | 

G(2)=0  <7)npH  Fi>Fi^F>F,r 

Key:  (1).  with.  (2).  or. 


Here 


Assiiming  that  average/msan  power  of  multichannel  signal  on 


resistor/resistance  into  1  ohm  is  equal  to  UMt),  taking  into  account 
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expression  (11. 5. 17),  given  in  Appendix  5  and  (6.2.7),  we  obtain 

In  accordance  with  (II.5.1'>)  it  is  possible  to  determine 
correlation  function  of  multichannel  signal 

B(x)  =  U  (t)  U  (t  +  x)  ~  I  Go  cos  &T  d  £2  =  (sin  2,t  —  sin  Q^r) 

i  (6.2.9) 

In  accordance  with  (n.5.14)  with  t=0  average/mean  power  on 
resistor/resistance  of  1  ohm 

fl  (0)  =  (7^)  =  -1  J'GodQ  -  -I  (Q.  -  Qi).  (6.2. 10) 

«» 

After  sxibstitution  (6.2.8)  in  (6.2.9)  we  will  obtain 

^  =  ^sin(AQ'T)cosQoT. 

Here  £1  =  ,  a£2'  =  . 

O  ’  *1 


Equalizing  (6.2.10)  and  (n.5.14),  let  us  find 

o*  =  -^(£2,-£2i) 

or  . 


.Go  = 


a* 

AF  ■ 


(6.2.11) 


Coefficient  of  correlation  of  multichannel  signal  in  accordance 
with  (n..5.7),  (6.2.9)  and  (6.2.10) 

P  h)  =  .  (6.2. 13) 

B{0)  Q,t-QiT 
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6.4.  Principles  of  the  construction  of  equipment  for  multiplexing 
with  KIM. 


During  use  of  KIM  for  transmission  of  telephone  signals  are 
possible  several  methods  constructions  of  equipment  for  multiplexing. 
With  one  of  them  KIM  is  realized  on  the  signals  of  subscribers,  with 
other  method  -  the  signals  from  the  subscribers  first  are  supplied  to 
equipment  for  frequency  division  multiplex,  and  KIM  is  realized  along 
the  group  spectrum.  Thus,  in  the  second  case  is  fulfilled  conversion 
in  KIM  not  of  individual  user  telephone  sigjials,  but  multichannel 
signal. 


Let  us  examine  first  method  of  multiplexing  telephone  channels. 

In  this  case  the  line  of  communications  is  given  to  each  subscriber  to 
a  certain  interval  of  time  To,  and  then  line  is  thrown  zo  the 
following  subscriber,  etc. 

Page  160. 


As  already  mentioned  in  Section  5.1,  in  accordance  with  Kotelnikov's 
theorem  clock  period  Tt.  the  period  of  time,  through  which  each 
subscriber  must  be  connected  to  the  line,  is  determined  by  width  of 
band  of  the  transmitted  communication/report,  i.e. 


(6.4.1) 


the  clock  frequency 
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=  (6.4.2) 

u 

Fig.  6.4.1  shows  time  intervals,  during  whxch  each  of  three 
subscribers,  who  transmit  communications/reports  U^Ct),  U2(t)  end 
UjCt)  must  be  connected  to  line. 

Number  of  communications/ reports  N,  which  can  be  transmitted 
along  one  line  of  communications,  is  determined  by  relationship/ratio 
between  T{  and  and  necessary  shielding  gaps/intervals. 

Fig.  6.4.2  shows  simplified  block  diagram  of  equipment  for 
multiplexing  telephone  channels.  Pulse  generator  TH  creates  the 
sequence  of  the  pulses/momenta  with  a  clock  frequency  of  f;,  which 
enter  the  distributor  of  pulses/momenta  PH.  The  latter  is  dtiay  line 
with  the  removals/outlets,  the  distances  between  which  correspond  to 
the  time  intervals  between  the  pvlses/momenta  of  adjacent  channels. 
Pulses/momenta  from  the  appropriate  removals/outlets  of  delay  line  PH 
are  fed/ conducted  to  the  channel  by  modulators  Ml,  M2,  M3  and  so 
forth,  where  the  nuunsrals  designate  the  number  of  channel.  To  the 
modulators,  through  the  differential  systems  flC,  the  signals  from  the 
subscribers  are  fed/conducted,  as  a  result  of  which  it  is  realized  by 
AIM.  From  the  outputs  of  all  modulators  the  pulses/momenta  supply  to 
the  system  of  conversion  of  AIM  in  KIM,  and  then  are  supplied  to  the 
transmitter,  where  modulation  of  tne  oscillations  of  transmitter  on 
the  amplitude,  the  frequency  or  the  phase  is  realized.  Fig.  6.4.2 
shows  also  introduction  from  PH  through  the  amplifier  y  of 
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synchronizing  pulse.  From  the  output  of  receiver  all  pulses/momenta 
enter  the  converter  KIM  in  AIM.  After  this,  the  modulated  pulses 
enter  the  selector  of  the  timing  pulses  CCH. 


ff^.iUUaV>  &jLaAaA>v*s^^».»v^.^g^ 
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Fig.  6.4.1.  Princifle  of  time-division  multiplex. 

Page  161. 

Timing  pulses  from  the  output  of  CCM  ere  supplied  to  the  distributor 
of  pu3 ses/momenta  PH  and  to  the  selectors  of  channels  CK.  The 
selectors  of  channels  realize  isolation/liberation  of  channel  pulses, 
which  then  a^e  supplied  to  the  filter  of  the  lower  frequencies  of 
With  the  output  of  of  low-frequency  oscillation  they 

proceed  to  flC  and  then  to  the  subscribers. 

With  KIM  during  that  abstracted/removed  to  subscriber  of  interval 
of  time  To  is  realized  impulse/transmission  n  pulses/momenta  by 
duration  r,  that  form  word  or  character.  Let  us  note  that  for 
purposes  of  the  decrease  of  pulse  band  it  is  desirable  to  make  as 
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widely  as  possible;  in  connection  with  this  between  the  pulses/momenta 
in  a  number  of  cases  it  is  not  done  gaps/intervals. 

Sii)seque:;tly  code  combinations  are  supplied  to  modulator  of 
transmitter,  where  modulation  of  oscillations  of  transmitter  in 
amplitude,  phase  or  frequency  is  realized  by  pulses/momenta,  entering 
code  combinations. 

In  receiver  after  detection  are  obtained  initial  code 
combinations,  which  subsequently  with  the  aid  of  selector  are  supplied 
to  individual  demodulators  of  channels,  as  a  result  of  this  on 
wharacters  it  is  conducted  restoration/reduction  of  initial 
communication/report. 

One’  should  emphasize  that  with  KIM  all  pulses/momenta,  entering 
code  combinations,  not  only  are  identical  with  respect  to  amplitude 
and  duration,  but  they  have  also  fixed/recorded  position.  The 
presence  or  the  absence  of  pulse/momentxim  in  code  combination  is  the 
result  of  modulation  during  the  binary  ceding  only. 

Fixed/recorded  position  of  pulses/momenta  in  code  combinations 
makes  it  possible  to  carry  out  pulse  regeneration.  The  sense  of 
regeneration  is  of  the  replacement  of  the  "noised"  pulses/m.omenta  new, 
not  having  noises,  i.e.,  in  the  regeneration  instead  of  the 
pulses/momenta  with  the  noises  superimposed  on  them  to  the  same 
fixed/recorded  position  in  a  precise  conformity  with  code  combination 
the  new  pulses/momenta,  which  do  not  have  noises,  are  introduced. 
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Fig.  6.4.2.  Principle  of  construction  of  equipment  with  KIM. 

Key:  (1).  To  modul.  (2).  To  channel  sel.  (3).  Subscriber.  (4). 

to  np .  ( 5 ) .  From  n . 

Page  162. 

Pulse  regeneration  makes  it  possible  to  considerably  increase  the 
interference  shielding  of  the  entire  communication  system,  since  the 
possibility  of  the  accumulation  of  noises  with  pulse  advancing  on  the 
sections  of  connection/communication  from  one  station  to  another 
eliminates. 

However,  equipment  for  multiplexing  with  KIM  and  equipment  for 
pulse  regeneration  proves  to  be  fairly  complicated.  Therefore  in  the 
communication  systems  through  ISZ  the  introduction  to  pulse 
regeneration  on  board  the  satellite  thus  far  can  be  examined  only  over 
the  long  term. 


Let  us  conduct  evaluation/estimate  of  bandwidth,  necessary  in  the 
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case  of  KIM.  Taking  into  account  that  width  of  band  of  telephone 
signal  is  equal  to  3100  Hz,  in  accordance  with  (6.4.2)  we  obtain,  that 
the  clock  repetition  frequency  of  code  combinations  in  each  channel 
can  be  f.=8x  lO'^  Hz  (2.35  times  of  more  than  the  higher  frequency  of 
the  transmitted  signal).  If  we  consider  that  word  can  consist  of  n 
pulses/momenta,  then  in  the  case  of  N  telephone  channels  the  necessary 

bandwidth  will  comprise 

A  =  l,05x8x  l0®/iyv  =  8.4X  lO*nN,  (6.4.3) 

Key :  ( 1 ) .  kHz . 

coefficient  of  1.05,  which  entered  this  expression,  determines  certain 
increase  in  the  frequency  band  due  to  the  transmission  of  timing 
pulses.  Let  us  note  that  expression  (6.4.3)  confirms  the  statement, 
made  during  the  analysis  of  formula  (5.4.8). 

Let  us  pass  to  examination  of  second  method  of  transmission  of 
telephone  channels  in  the  case  of  KIM.  In  this  case  during  the  use  of 
standard  equipment  for  the  frequency  division  multiplex  of  telephone 
channels  the  transition/ junction  from  the  cable  or  radio  relay  lines 
to  the  communication  systems  with  KIM  can  be  simplified.  The 
frequency  band,  which  will  be  necessary,  can  be  determined  as  follows. 
Considering  that  for  the  transmission  of  group  signal  it  is  necessary 
to  have  n  of  pulses/momenta  in  word,  and  increasing  by  5%  bandwidth 
due  to  the  transmission  of  timing  pulses,  let  us  find 

^F^  =  F,rp\fi5n.  (6.4.4) 

Here  f,rp  -  clock  frequency  during  transmission  of  group 
spectrum.  Since  f,rp=— =  2Af,  taking  into  account  (5.4.1)  and 
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(6.2.1),  we  will  obtain 

0) 

1.05-2Af/i=  l.05-2-4,2-l0»,V«  =  8,8-l0*A^/i.  2(j.  (6.4.5) 

Key:  (1).  Hz. 


Comparing  (6.4.5)  and  (6.4.3),  it  is  possible  to  see  that  the  second 
method  of  the  transmission  of  telephone  channels;  with  KIM  requires 
somewhat  larger  frequency  band,  which  is  determined  by  the  presence  in 
equipment  of  the  frequency  division  multiplex  of  protective  belts, 
frequencies  between  telephone  channels  and  by  the  groups  of  these 
channels . 
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Chapter  7. 

Transmission  of  telephone  signals  along  the  line  of  conununi cat ions. 

7.1.  Electrical  characteristics  cf  channels. 

During  establishment  of  norms  for  communication  channels, 
organised  in  different  communication  systems,  MKKR  proceeds  from 
completely  specific  hypothetical  standard  circuits,  which  serve  as 
management/manual  during  design  and  creation  of  real  communication 
systems . 

For  communication  system  with  the  help  of  active  satellites 
during  transmission  of  multichannel  telephone  signals  or  signals  of 
black  and  white  delevision  as  hypothetical  standard  circuit  for 
intercontineiital  systems  is  accepted  line  of  communications 
Earth-satellite-Earth,  shown  in  Fig.  7.1.1  [7.1;  7.2].  In  the 
recommendation  of  MKKR  is  noted  that  the  hypothetical  circuit  includes 
one  pair  of  modulators  and  demodulators. 

This  hypothetical  circuit  corresponds  to  majority  of 
intercontinental  airlines  of  communications,  organized  through  active 
TSZ,  since  with  distances  of  satellite  of  more  than  20000  km  in  this 
case  transmission  of  signals  up  to  distances,  measured  along  surface 
of  Barth,  is  ensured,  not  less  than  7500  km.  If  is  required  the 
organization  of  the  line  of  communications  up  to  the  distances,  which 


DOC  =  86120411 


PAGE 


y 


cannot  overlap  with  the  help  of  one  satellite,  will  have  to  connect 
two,  and  in  certain  cases  three  hypothetical  lines,  shown  in  Fig. 

7.1.1. 

In  Fig.  6.2.2  it  is  shown  that  for  transition/ junction  from 
twin-lead  circuit  t<'.  four-wire  and  vice  versa  at  input  and  exit  of 
telephone  channel  is  connected  differential  system,  which  must  create 
high  attenuation  between  circuit  of  reception  and  transmission. 
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Fig.  7.1.1.  Hypothetical  standard  circuit. 

Key:  (1).  Space  station  of  communication  satellite.  (2). 

Terrestrial  station. 

Page  165. 

Since  the  absolute  balance  of  differential  system  in  the  circuit  is 
impossible  to  provide,  part  of  the  energy  passes  from  the  circuit  of 
reception  into  the  circuit  of  transmission.  As  a  result  of  this,  as 
shown  in  Fig.  6.2.2,  the  loop  of  feedback  appears.  For  preventing  the 
self-excitation  it  is  necessary  that  the  level  in  the  circuit  of 
transmission  would  be  higher  than  in  the  circuit  of  reception,  i.e., 
in  other  words  so  that  the  product  of  all  amplifications  and 
weakenings  in  the  communication  channel  from  the  input  to  the  output 
would  be  less  than  one.  Let  us  note  that  the  product  of  all 
amplifications  and  weakenings,  introduced  into  the  communication 
channel,  is  called  overall  line  attenuation. 

According  to  recommendations  of  MKKTT  [International  Telegraph 
and  Telephone  Consultative  Committee]  value  of  overall  line 
attenuation  in  telephone  channel  is  equal  to  +0.8±0.2  Np,  i.e.,  in 
channel  there  is  always  weakening  signal  level  from  0.6  to  1  Np. 
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Since  telephone  channels  are  frequently  used  not  only  for  the 
transmission  of  telephone  communications/reports ^  but  also  for  the 
transmission  of  other  information,  this  universality  of  telephone 
channel  leads  to  the  complication  of  requirements.  In  particular,  the 
permissible  change  in  the  signal  frequency  during  the  transmission 
along  telephone  channel  must  not  exceed  2  Hz  [7.4].  This  condition 
leads  to  the  fact  that  in  the  communication  systems  through  ISZ  must 
be  accepted  the  measures,  eliminating  the  change  in  the  frequency, 
caused  by  the  Doppler  effect. 

According  to  recommendations  of  MKKTT  telephone  channel  must  have 
passband  from  300  to  3400  Hz,  and  frequency  characteristic,  which 
determines  change  of  overall  line  attenuation  in  this  frequency  band, 
must  lie/rest  within  limits  of  boundaries  of  stencil,  shown  in  Fig, 
7.1.2  [7.3], 


Requirements  for  phase  response  of  telephone  channel  are  set  to 
nonuniformity  of  group  time  of  emission  of  the  signal,  which  is 
defined  as  derivative  of  phase  response  in  frequency.  According  to 
the  recommendation  of  MKKTT  the  group  propagation  time  from  its 
minimum  value  can  differ  at  the  frequency  of  300  Hz  not  more  than  on 
10  MS,  and  at  the  frequency  of  3400  Hz  not  more  than  on  50  ms. 


Value  of  noises  at  output  of  telephone  channel  of  communication 
system  through  ISZ  is  determined  at  point  with  zero  relative  level  and 
is  measured  by  psophometer,  whose  frequency  characteristic  considers 
physiological  special  feature  of  human  ear/eye,  which  has  different 
sensitivity  at  different  frequencies  of  sonic  spectrum. 
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Fig.  7.1.2.  Norms  to  frequency  characteristic  of  telephone  channel. 
Key:  (1).  Np.  (2).  Hz. 
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The  ratio  of  the  psophometric  power  of  noises  in  the  band  of  telephone 
channel  to  the  unweighted  power,  measured  in  the  same  frequency  band, 
is  determined  by  the  square  of  psophometric  coefficient  Kn.  which  is 
equal  to  0.56  (-2.5  db) . 


According  to  recommendation  of  MKKR  [7.1,  7.2]  at  output  of 
telephone  channel  of  communication  system  through  ISZ  at  point  with 
zero  relative  level  psophometrically  weighed  power  of  noise  in  any 
telephone  channel  of  hypothetical  circuit  must  not  exceed  following 
values: 

averaged  in  any  hour  ...  10000  pW 

average-minute  power  of  'noise,  which  can  be  exceeded  not  more 
than  20%  time  of  any  month  ...  10000  pW 

average-minute  power  of  noise,  which  can  be  exceeded  not  more 
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than  0.3%  time  of  any  month  ...  •  50000  pW 

average/mean  in  5  ms  unweighted  power  of  noise,  which  can  be 
exceeded  not  more  than  0.03%  time  in  any  month  ...  10‘  pW. 

In  this  recommendation  of  MKKR  are  not  considered  noises  of 
equipment  for  multiplexing,  or  peaks  of  noises  and  clicks,  created  by 
equipment  of  feed  and  commutation  and  by  switchings  from  one  satellite 
to  another.  Let  us  note  that  if  at  point  with  the  zero  power  level  of 
the  psophometrically  weighed  noises  is  equal  to  Pu,=  lOOOO  pW  (10‘* 
mW) ,  then  the  ratio  of  the  power  of  test  signal  to  the  power  of  noise 
comprises 

ioig-|s-=  I0ig^  =  50  ae.  17.1.1) 

since  psophometric  coefficient  icn=0,75,  which  is  20  Ig  0.75=-2.5 
db,  at  the  same  point  ratio  of  power  of  test  signal  to  power  of 
unweighted  noise  will  comprise 

50  —  2,5  =  47,5  06.  (7.1.2) 

Noise  at  output  of  telephone  channel  can  be  subdivided  into  two 
groups:  thermal  (fluctuation)  noises  and  transient  noises,  caused  by 
distortions  in  different  elements  of  communication  system.  The 
overall  value  of  all  noises  must  not  exceed  the  values,  determined  by 
the  given  norms.  Consequently,  during  the  design  of  the  communication 
system,  on  the  basis  of  the  possibilities  and  the  technical-economic 
advisability  of  the  construction  of  the  diverse  variants,  developer 
must  justify  and  select  such  values  of  the  separate  groups  of  the 
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noises,  with  which  the  overall  value  of  noises  will  not  exceed  the  ^ 
norms  of  MKKR. 

Page  167, 

7.2.  Transmission  of  one  sideband  (03P). 


Principle  of  transmission  of  multichannel  signal  with  frequency 
division  multiplex  is  clarified  by  block  diagram,  given  in  Fig.  7.2.1. 
Here  the  telephone  signals  of  subscribers  with  the  frequency  spectrum 
within  limits  enter  the  equipment  for  multiplexing  AY,  at 

output  of  which  are  obtained  the  oscillations  with  the  group  spectrum 
Fj-Fj.  After  amplification  in  the  group  amplifier  ryi  these 
oscillations  fall  on  the  converter  of  the  transmitter  Dpi.  with  the 
help  of  which  the  transposition  (bias/displacement)  of  the  group 
spectrum  into  the  frequency  region  f+(Fi-Fa )^occurs,  moreover  f»Fi; 
f»F,.  Through  the  filter  is  passed  one  of  these  transposed  group 
bands,  cut-off  frequencies  of  which  let  us  designate  through  fj-fj, 
and  width  of  band  Af=f j=f i=F2-f j.  It  is  obvious  that  during  the 
transposition  of  the  spectrum  in  accordance  with  the  given 
inequalities  will  without  fail  be  fulfilled  the  following  condition, 
which  determines  the  relative  bandwidth; 

(7.2.1) 

here 


a  A  —  h. 

=  P/-X' 


(7.2.2) 


After  filter  0/  of  oscillation  with  frequencies  of  fi-f*  they 


S3S 
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fall  on  amplifiers  of  transmitter  yn  and  un  feeder  proceed  to  antenna 
A’ .  Then  oscillations  are  received  by  antenna  of  repeater,  are 
f ed/conducted  to  the  receiver,  are  amplified,  are  displaced  in  the 
frequency  in  the  converter,  which  forms  part  cf  auxiliary  step/stage 
BC,  and  proceed  to  transmitter.  Let  us  note  that  the 
bias/displacement  of  oscillations  in  the  frequency  in  the  repeater  is 
necessary  to  avoid  self-excitation,  which  can  appear  with  the 
reception  of  the  oscillations  of  its  own  transmitter. 


Oscillations,  which  passed  repeater,  are  accepted  terrestrial 
antenna  A",  and  after  passage  through  receiver  n,  they  proceed  to 
converter  of  receiver  lip 3,  in  which  is  realized  inverse  transformation 
from  oscillations  with  cut-off  frequencies  of  fi-f*  to  initial  group 
spectrum  with  cut-off  frequencies  of  Fj-F,. 
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Fig.  7.2.1.  Block  diagram  of  transmission  with  OBP. 

Key:  (1).  Retransmitter. 

Page  168. 

Oscillations  with  these  frequencies  after  the  passage  through  the 
filter  ®2  and  the  amplifier  ry2  enter  the  receiving  part  of  the 
equipment  for  multiplexing  AY,  at  output  of  which  they  are  converted 
into  the  telephone  signals  with  spectrum  supplied  to  the 

subscribers. 

From  examination  r.~  this  block  diagram  it  follows  that  in  transit 
through  receivers  oscillations  will  undergo  effect  of  thermal  noises 
and  will  be  distorted  due  to  imperfection  of  characteristics  of 
equipment. 

Thermal  noises.  Let  us  determine  the  power  of  thermal  noises  at 
the  output  of  telephone  channel  at  point  with  the  zero  relative  level. 
In  this  case  for  simplification  in  the  recording  index  "VYKh"  let  us 
drop/omit. 

In  acc.')rdance  with  expression  (5.5.6)  upon  consideration  (5.2.3) 
and  (5.2.1)  Is^  us  find 


AM 


Mifiiai 
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Pui  _  I  (7.2.3) 

Pc  ^  ni  ^nfi 

With  OBP  average/mean  power  of  multichannel  signal  at  point  with 
zero  relative  level  can  be  determined  according  to  expression  (n.4.9) 
of  appendix  4,  i.e. 

p^  =  p,p=  jHfim.  (7.2.4) 

Here  level  pcp  is  determined  according  to  (6.2.4)  or  (6.2.5). 

With  sxibstitution  (7.2.4)  in  (7.2.3)  let  us  find  power  of 
unweighted  noises  in  band  of  multichannel  signal  A?=Fj-F3  at  point 
with  zero  relative  level 

P.  =  4  4  F  P...  mw . 

L  Pbj  n(5  J 

Passing  to  calculation  of  weighed  noises  in  one  telephone 
channel,  should  be  replaced  AF  by  AP„  and  introduced  psophometric 
coefficient 

p.  =  4Af  mw.  U-2-6) 

^n6  J 

From  this  expression  it  follows  that  value  of  noise  will  not 
depend  on  Pk,  in  all  channels  noise  will  be  identical.  With 
satisfaction  of  conditions  (5,5.7)  and  (5.5.8)  the  calculation  of  the 
psophometric  power  of  noises  for  one  channel  at  point  with  the  zero 
relative  leve]  in  accordance  with  (5.5.9)  can  be  conducted  according 
to  the  simplified  formula 

P.  =  *4P.«»%^P„,  mw,  (7.2.7) 
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or,  since  ^=1.38- 10-»-^Af«=3,l •  10<' Hz;  .<2=0, 56, 

tpad 

Pui=2,4-10~“-^^^P,-,  pW.  (7.2.8) 
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Let  us  recall  that  in  all  given  formulas  value  T  is  taken  in 
degrees  Kelvin,  power  of  transmitters  -  in  W,  and  Pep  -  in  mW. 


In  the  case,  when  value  of  noises  at  output  of  channel  for 
section  of  connection/communication  in  question  is  assigned,  and  it  is 
necessary  to  determine  power  of  ground-based  or  onboard  transmitter, 
on  the  basis  of  latter/last  formula  it  is  possible  to  record 

P.=  2,4.10-"^P„,  W.  (7-Z-9 

Here  Pmaan  “  in  pW,  Pep  -  in  mW,  Tx.  -  in  degrees,  ®K.  Values  A 
and  Tx  correspond  to  the  section  of  connection/communication,  for 
which  is  assigned  the  value  of  noises.  The  obtained  from  expression 
(7.2.9)  power  determines  the  average/mean  power  coefficient  of 
transmitter.  Its  peak  value  can  be  calculated  upon  consideration  of 
the  peak  factor  of  the  multichannel  signal  k,  which  is  located 
according  to  the  graphs,  given  in  Fig.  6.2.5.  It  is  obvious  that 


P  =  10“ 


(7.2.10) 


Transient  noises,  caused  by  nonlinearity  of  amplifiers. 
Multichannel  telephone  signal  in  transit  through  the  amplifiers  or 
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a/ 

Other  elements  with  the  nonlinear  amplitude  characteristics  is 
distorted. 

We  will  consider  that  to  input  of  guadrupole  with  nonlinear 
amplitude  characteristic  multichannel  telephone  signal  Ui(t)  is  given. 

Assxuning  that  amplitude  characteristic  of  nonlinear  guadrupole 
can  be  represented  in  the  form  of  polynomial,  we  will  find  the 
expression  for  output  signal  in  the  form 

U,^(t)=^a^Ul(t)  +  a^uUt)  (7.2.11) 

Here  all  coefficients  at.  as . ««  do  not  depend  on  time.  The  first 

term  of  this  expression  is  signal  at  the  output  of  guadrupole  in  the 
absence  of  nonlinear  distortions.  Introducing  the  designation 

(7.2.12) 

instead  of  (7.2.11)  we  will  obtain 

(0  =  i/  (<)  +  aJJ*  (/)  +  a^»  (/)  -f  .  .  .  (7.2. 13) 

Prom  (7.2.12)  it  follows  that  signal  at  output  of  guadrupole  can 

be  represented  in  the  form  of  s\jm,  comprised  of  undistorted  part  of 

U(t)  of  output  signal  and  components,  into  which  enter  coefficients 

Oi  as  =  — ;  ,  .  .a„  =  ^  of  polynomial, 

a?  af  aj 

Page  170. 

We  will  designate  these  components,  called  the  products  of  nonlinear 
distortions . 
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e  (0  =  aJJ^  (f)  +  {i)  +  .  .  .  (7.2. 14) 

Thus,  output  signal  can  be  represented  in  the  form 

0^{f)  =  U(t)  +  t(t).  (7.2.15) 

During  analysis  of  distortions  of  output  signal  it  is  necessary 
to  consider  questions  about  spectral  composition  of  functions  U(t)  and 
e(t)  and  about  relationship  of  their  average/mean  power  in  frequency 
band,  occupied  by  transmitted  signal.  If  the  products  of  nonlinear 
distortions  fall  into  the  frequency  spectrum,  which  occupies  U(t), 
this  will  lead  to  a  change  in  the  value  of  the  undistorted  part  of  the 
output  signal  U(t),  i.e,,  to  the  nonlinear  distortions.  For  the 
evaluation  of  the  distortions  of  group  signal  with  its  passage  through 
the  quadrupole  with  the  nonlinear  amplitude  characteristic  it  is 
necessary  to  know; 

-  the  spectral  densiuy  of  the  undistorted  part  of  the  output 
signal; 

-the  spectral  density  of  the  products  of  the  nonlinear 
distortions  e(t)  in  the  frequency  band,  which  the  undistorted  part  of 
the  output  signal  U(t)  occupies; 

-  relation  of  the  spectral  densities  of  functions  ep(t)  and  U(t) 
in  the  individual  sections  of  the  frequency  band,  by  the  occupied 
undistorted  part  of  signal  U(t). 

Knowing  enxanerated  values,  it  is  possible  to  solve  question  very 
important  for  practice  about  requirements  for  degree  of  linearity  of 
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amplitude  characteristic  of  amplifiers  (quadrupoles) ,  with  execution 
of  which  distortiont.  of  output  signal  will  not  exceed  those  permitted. 

Let  us  consider  question  about  spectral  density  of  function  U(t) 
UauAO-  From  expressions  (7.2.11)  and  (7.2.12)  it  follows  that 
these  functions  are  connected  with  signal  Ui(t),  supplied  to  the  input 
of  quadrupole,  with  the  coefficients  of  the  polynomial,  which  do  not 
depend  on  time.  In  the  sections.  6.2  were  noted,  one  hundred 
multichannel  telephone  signal  are  random  stationary  process, 
consequently,  and  functions  U(t)  and  connected  with  the 

input  signal  Ui(t)  with  the  coefficients  of  the  polynomial,  will  also 
be  random  stationary  processes.  Therefore  for  the  vdetermination  at 
the  output  of  the  quadrupole  of  the  spectral  density  of  the  enumerated 
functions,  can  be. used  the  relationships/ratios  between  the  correlation 
function  and  the  spectral  density,  determined  by  Fourier  transform 
(n.4.15)  and  (n.4.16).  In  this  case  it  is  implied  that  the 
corresponding  characteristics  of  input  signal  are  known  and  are 
determined  by  expressions  (6.2.8)-(6.2.13) . 

Taking  into  account  aforesaid,  let  us  find  fundamental 
characteristics  for  undistorted  part  of  output  signal  during 
transmission  of  multichannel  telephone  signal. 

Page  171. 

Spectral  density  G(R).  In  accordance  with  (6.2.7)  and  (7.2.12), 


we  have 
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G(Q)  =  aiCo  when 

G(S2)  =  0  with  F<Fi,F>Ft 


(7.2.16) 


Correlation  function  B(t).  According  to  (6.2.9)  for  region 
Fx^F^Fi  we  have 


R(r\  — _i_  \  r;  _ _ r>_ 

\*)  —  ~  J  >*1  Ugcua  dcii  u  M 


—  siniixr).  (7.2.17) 


Average/mean  power  on  resistor/resistance  of  1  ohms.  For  this 
let  us  compute  correlation  function  with  t=0 


fl(0)  =  a?Goc/Q  =  -^(Q,  — (2i).  (7.2.18) 


Let  us  now  move  on  to  determination  of  spectral  function  for 
€(/).  For  this  let  us  first  find  correlation  function,  and  then, 
using  Fourier  transform,  let  us  determine  G,  (Q). 


Correlation  function  S.  (t)  in  accordance  with  (11.5.9)  and  (II. 5. 6) 
can  be  recorded  in  the  form 


B.(t)  =  - - f  re(/)e(/  +  T)e~  2(i-«*w)’*  X 

XdUif)dU{t  +  x), 

substituting  (7.2.14),  being  limited  to  polynomial  not  higher  than 
fifth  degree,  let  us  find 

“  ^i/7rg  i  i  ■  ■  ■'‘^)x 


U9+U*~2H^UU^ 


dUdU. 
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f  Here  for  the  brevity  of  recording  it  is  accepted 

/?,  =  /?(T);  U  =  U{ty,  U^  =  U{t-tx). 

As  a  result  of  integration,  which  can  be  carried  out  by  different 
procedures  (see  for  example  [7.5]  and  by  [7.6]),  let  us  find 
B.  (t)  =  Co  +  /?  (t)  C?  +  2R*  (t)  Cl  +  6/?*  (x)  C*  +24/?«(T)a4+  120/?®(t)os. 
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Here; 


Co  =  o,  4-3a«o», 

Cx  =  3a*o*  +  iSojO*, 
C*  =  a*  +  6a*  o*. 

C,  =  a,+  lOasO*. 


(7.2.19) 


f 


Examining  expression  B,  (x),  it  is  possible  to  do  following 
conclusions; 

-  first  term  does  not  contain  correlation  function  and, 
consequently,  it  does  not  depend  on  time.  Therefore  first  term 
determines  the  constant  component  of  function  e(t),  does  not  lead  to 
the  distortions  in  the  transmitted  signal  and  therefore  siabsequently 
it  can  be  disregarded; 

-  second  term  contains  correlation  function  to  the  first  degree 
and,  consequently,  is  determined  that  part  of  the  products  of 
nonlinear  distortions,  which  will  be  coherent  with  the  transmitted 
signal.  Therefore  this  component/term  will  not  lead  to  the  nonlinear 
distortions,  but  it  will  only  change  the  value  of  different  components 
of  signal.  These  distortions  will  be  similar  to  those,  which  are 
obtained  with  the  nonuniform  amplitude- frequency  characteristic  of 
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amplifier  or  quadrupole.  In  the  case,  when  percentage  distortions  are 
small,  these  distortions  it  is  possible  not  to  consider. 


The  terms,  beginning  from  the  third,  will  lead  to  nonlinear 
signal  distortions.  Thus,  that  part  of  the  correlation  function, 
which  determines  nonlinear  signal  distortions,  it  is  described  by  the 
expression 

Be  (t)  =  2/?*  w  Cl  +  6i?*  (t)  CI  +  24R*  (^)  al  +  1 20R^  (t)  al 


For  determining  spectral  density  of  products  of  nonlinear 
distortions  latter/last  expression  should  be  substituted  into  formula 
(11.5.15);  in  this  case,  since  coefficients  C  and  a  do  not  depend  on 
time,  they  can  be  carried  out  as  integral  sign.  As  a  result  we  will 
obtain: 


G.  («)  =  G,  (£2)  +  0,  (9)  +  Gt  (Q)  +  G*  (£2), 


G,{Q)  =  8Cl 


cos  axdx 


(7.2.20) 


Gs  (£2)  =  24C3  I  /?*  (t)  cos  Qrdx 
b 

Gi  (Si)  =  9604  j  R*  (r)  cos  Or  dx 

m 

G» (£2)  =  480at  j  R* (x) cosQx dx 

b  I 


(7.2.21) 
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For  computing  integrals  it  is  possible  to  use  theorem,  known  from 

theory  of  Fourier  transforms  [7.7]:.  if  two  functions  fi(t)  and  fs(t) 

have  spectral  densities  ‘I'l  (w)  and  'J'.:(w),  then  for  che  product  of  the 

functions,  i.e.,  for  function /i/)  ^/i(/)/a(/),  spectral  density  i|>(m)can  .  be 
found  from  expression 
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Using  this  theorem  for  computation  GtiSl) ,  let  us  find 

G, <Q)  »c?  [  «* (T) cos ihdx  ■  aC'i  J  R (x)  R (t) cos ih dx  -- 
0  0 

261  f  G(i2,)G{L*  — (7.2.22) 

In  the  latter/last  expression  a  change  of  integration  limits  indicates 
the  transition/ junction  from  one  frequency  region  Fi<F<p3,  which  was 
determined  by  conditions  (6.2.7),  to  two  regions  with  the 
con jugated/ combined  frequencies,  shown  in  Fig.  7.2.2.  Integral  in 
expression  (7.2.22)  depends  on  the  product  of  two  functions,  which 
determine  spectral  density,  similar  to  that  represented  in  Fig. 

7.2.2,  moreover  one  of  these  functions  is  shifted  relative  to  another 
value  fi.  The  value  of  this  shift/shear  will  determine  the  domains  of 
existence  of  integral  and  integration  limits.  It  is  obvious  that  the 
integral,  determined  (7.2.22),  will  exist  only  in  such  cases,  when 
G(Sii)  and  G(n-fii)  is  simultaneously  different  from  zero.  Fig.  7.2.3 
shows  functions  G(Ri)  and  G(n-Oi)  with  different  value  of  shift/shear 
Q-27rF.  Shading  determines  the  domain  of  existence  of  integral  in 
expression  (7.2.22),  and  the  boundaries  of  these  regions  -  integration 
limits.  Therefore  instead  of  (7.2.22)  it  is  possible  to  record; 


-2(^2Go 


~3xP, 

2.f, 

f 

2*lF-P,) 

■  -  26aO’o  4~  (A  R  —  /■') 
npJ  0  ^  F  ^  /-V  _  f 


Gjj(Q)  =  2C2G0  J’  d  =  2C2Go  2u  (F  —  2Fi) 
Ga  (Q)  =  2C2G0  j  d  Oj = 2C2G0  2k  (2F,  —  F) 


(2> 


npn  Ft  f  /■■j  <  f  <  2Fi. 


Key;  (1).  with. 
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f 

Fig.  7.2.2.  Domains  of  existence  GiU) . 
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By  taking  into  account  (6.2.11)  and  by  passing  from  the  angular 
frequencies  U=2‘nF  to  the  linear,  we  will  obtain: 

=  ipH 

G,(F)  =  2C|^^^^  npH  2F,^F^F,  +  F2. 

'  G,  (f)  =  2C|^  npH  f,  +  f,  <  F  <  2Fr 


Key:  (1).  with. 


It  is  here  marked  AP=Fj-Fi  -  band  of  multichannel  signal.  From 
the  analysis  of  resulting  expressions  it  follows  that  into  the  band  of 
multichannel  telephone  signal  AF  only  the  components,  determined  by 
the  first  two  expressions,  can  fall.  Moreover  in  the  second 
expression  it  is  necessary,  in  order  to  F^SFj.  Taking  into  account  the 
aforesaid,  subsequently  the  third  expression  can  be  rejected/thrown. 


Introducing  dimensionless  frequency 

P-1.-FI  ^F-Fi 
Ft-Fi  Af 


(7.2.23) 


and  designating 


(7.2.24) 


after  conversion  of  expressions  for  Gj(F)  we  will  obtain 

Gt{F)  =  2Cl^y,il). 

a  r 
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Fig.  7.2.3.  Domains  of  existence  of  integral. 
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Here 

'i.", 

.  (7.2.25) 

Key:  (1).  with. 

From  expression  (7.2.25)  it  follows  that  spectral  distribution  of 
products  of  nonlinear  distortions,  determined  by  quadratic  member  of 
polynomial,  depends  on  value  y*(0* 

Fig.  7.2.4  shows  dependence  yjd^).  Let  us  note  that  in 
accordance  with  (7.2.23)  with  a  change  of  the  frequency  within  the 
limits  of  band  of  multichannel  telephone  signal,  value  {  vary  within 
the  range  of  zero  to  one.  Thus,  value  corresponds  to  telephone 
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channel,  the  band  of  frequencies  of  which  is  located  near  the  lower 
(smaller)  cut-off  frequency  Fi  of  the  group  spectrum,  and  to  value  ^=1 
corresponds  telephone  channel,  the  band  of  frequencies  of  which  is 
located  near  the  highest  (greatest)  cut-off  frequency  F*  of  the  group 
spectrum. 

Converting,  analogous  to  those,  which  were  carried  out  for 
determining  of  G^iSl) ,  it  is  possible  to  find  all  values,  determined 
(7.2.21) : 

a  r 

0.(0 -2405^1,,®; 

0.(0  =  120<.|f^  y,(E). 

All  these  values,  which  determine  spectral  density  of  products  of 
nonlinear  distortions,  formed  respectively  by  members  of  polynomial  of 
third,  fourth  and  fifth  degree,  contain  factors  </«(&)■  Dependences 
YaU);  and  ysd)  are  represented  respectively  in  Fig.  7.2.5, 

7.2.6,  7.2.7. 
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Fig.  7.2.4.  Dependence  yj=f(^). 
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The  total  quantity  of  the  spectral  density  of  the  products  of 
nonlinear  distortions  can  be  found  according  to  (7.2.20),  if  we  take 
into  account  (7.2.19),  (7.2.25)  and  the  last  expressions: 

G.  (Q)  =  2  (o,  +  6c«  <T>)*  f/,(6)  +  6  (a,  +  lOo,  o*)*  y,  (1)  4 

ar  AF 

+  24oJ  ^  (£)  +  \20al^y,a).  (7-2.26) 

a  r  A  r 

We  use  this  expression  for  calculation  of  transient  noises,  which 
are  obtained  in  telephone  channels  due  to  products  of  nonlinear 
distortions.  Ta cing  into  account  (6.2.10),  it  is  possible  to  record 
that  in  the  band  of  telephone  channel  F2K—FiK.  loaded  to 

resistor/resistance  of  R,  the  average/mean  power  of  interferences  P|,. 
nonlinear  distortions  caused  by  products,  is  determined  as  follows: 
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p - -Ji  =  ~ 


==-  f  G.iDdF. 


(7.2.27) 


It  is  obvious  that  in  T:his  expression  change  of  frequency  F  for 
value  G,  correop;?n<-s  to  char.ce  From  the  examination  ^i'!* 

7. 2. 4-7. 2. 7  foai.^v  that  with  tne  relatively  small  changes  which 
c,orrespon<jJ  'to  a  change  of  the  frequency  within  the  limits  of  the  band 
of  any  telephone  channel ,  values  yn(l)  are  changed  insignificantly. 
Therefore  in  the  frequency  range,  equal  to  the  band  of  telephone 
channel  values  Dnil),  and  consequently ,  and  G,  (l)  can  be  considered 
constant/invariable  and  equal  to  these  values,  which  are  determined  by 
medium  frequency  /),  of  telephone  channel  in  question. 
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42  4*  Of  Of  If 


7.2.5. 

7.2.5.  Dependence  yj=f(^). 

7.2.6.  Dependence  y4=f(^). 

7.2.7.  Dependence  y5=f(^). 


DA  no  .  of  If  ®  Of  0,0 
Fig.  7.2.6.  Fig.  7.2.7. 
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On  this  foundation  expression  (7.2.27)  can  be  simplified 


G.  (5k)  .• 


G.  (5k) 


Taking  into  account  that  measurement  of  interferences  is  made  by 
psophometer,  let  us  introduce  psophometric  coefficient  Therefore 


U  _  d'  (^k)  ^  ^k  2 

II  -  —  —  Kii‘ 

A 


(7.2.28) 


Taking  into  account  that  according  to  (6.2.12)  n==/<’c after 
substitution  in  (7.2.28)  expressions  (7.2.2C\  let  us  find 

[2  (a*  +  (5)  1-  6  [a,  +  10a,/?  f 

X  24aU^yAl)  f-  120a|/?«e'“'’'Py,(|)]. 

(7.2.29) 
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Let  us  consider  coefficients,  entering  first  two  terms  of 
latter/last  expression,  taking  into  account  the  values  of 
coefficients  of  aj  and  a«,  determined  by  formulas  (n.6.22),  let  us 


f  ind 

flj  -i-  SOi  —  Ci—  r  e-«’»+Pi)  _  4g-((>4+Pi)  ^  g-<fr«+3p,)  ^  g2p^l  _ 

V  L  2R  j 

=■-=  er^i»+p.)  ( 1  _  4e-(fr.-f,)  .j.  j  ]. 

y  2R 

In  the  case,  when  characteristics  of  amplifiers  or  quadrupoles 
are  close  to  linear,  it  is  possible  to  consider  expression  in  bracket 
close  to  one.  Therefore 


flj  +  6^4  o*  s  a,  — 

y  2R 


17.2.30) 


Analogous  examination  of  coefficient  a,+10a5a*=C3  with  small 
nonlinearity  of  characteristics  leads  to  expression 


a*  I-  10a8O»=sa,--|-e~'‘’‘+^'’‘’ 


(7.2.31) 


Substituting  (7.2.30),  (7.2.31)  and  value  of  a4  and  a*  from 
(n.6.19)  in  expression  (7.2.29),  let  us  find 

p.  -  1 e''»  e*'-  y,  ®  + 

,+ 192e  +  1920e~’'‘‘'^''‘’e“"’‘"i/,(E)|.  (7.2.32) 


Page  178. 


In  the  case,  when  calculation  of  power  of  products  of  nonlinear- 
distortions  is  performed  at  point  with  relative  level  and  values  of 
indices  of  nonlinearity  are  determined  on  zero  level  of  fundamental 
tone,  we  will  obtain  following  expression  for  determining  transient 
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noises  in  band  of  one  telephone  channel 


[4e  ($)  +  24e  (g) 

+  1926“''** e*^'P ^4  (1)  +  1920e"**‘ e"’'’'"  y, (g)] .  ML  (7.2.33) 

Key :  { 1 ) .  mW . 

Under  analogous  conditions,  when  percentage  distortions  are 
determined  by  supply  of  two  sinusoidal  oscillations  on  zero  level  of 
fundamental  tone,  in  accordance  with  expressions  (11. 6. 35)  and 
(7.2.29),  we  will  obtain 

D  _  JPcp..  /tx  ,  8  ePcD..  . 


Af  I 
16  —2*2—2 


e*^‘''’i/4{S)-f  (7-2.34) 


K3y:  (1).  mW. 


Expression  (7.2.33)  can  be  converted  so  that  instead  of  the  indices  of 
nonlinearity  bn  into  it  would  enter  the  coefficients  of  nonlinearity 
Krt-  Upon  consideration  of  expression  (n.6.15)  we  will  obtain 


Pno  =  e'"'"  ^  [  Kly,{l)  +  Kly,  (1)  + 


+  486’"'''  Klyt  (6)  +  480e®'''P  Kl  y,  (|)J.  (7.2.35) 


Key ;  ( 1 ) .  mW . 


One  should  note  that  according  to  expressions  (7.2.33),  (7.2.34) 
and  (7.2.35)  it  is  possible  to  calculate  power  of  transient  noises, 
which  are  obtained  due  .5  nonlinearity  of  characteristics  of  any  of 
amplifiers,  shown  in  Fig.  7.2.1,  i.e.,  amplifiers  IT  and  YII,  and  also 
amplifiers  of  repeater.  However,  during  calculations  should  be 


L*,.^',. ~  sC'’'*  -'  ■•  *-  ■  *'  .  -f-  „  >•.  •  '\;  ‘  ■ .‘  ,  '  -  ■ 


DOC  =  86120411 


PAGE  jC 


focused  attention  on  the  fact  that  the  coefficient  /3,  in  accordance 
with  which  on  the  curves  in  Fig.  7. 2. 4-7.2. 7  are  determined  values 
i/,.(5),  will  be  different  for  the  amplifiers  IT  and  yn  or  ry  and  the 
amplifiers  of  repeater,  which  follows  from  expression  (7.2.2). 


From  expressions  (7.2.33),  (7.2.34)  and  (7.2.35)  it  follows  that 
power  of  products  they  are  nonlinear  distortions  (transient  noises)  it 
grows  with  increase  in  number  of  channels,  since  in  this  case 
increases  Pep  (see  Table  6.2.2).  Transient  noise  especially  sharply 
depends  on  the  nonlinear  products  of  higher  orders. 


For  estimate  of  the  magnitude,  which  are  obtained  during 
calculations  according  to  expressions  (7.2.33)  and  (7.2.35),  let  us 
give  calculation  of  indices  of  nonlinearity  and  coefficients  of 
nonlinear  distortions  of  KNI  with  following  initial  data: 

-  number  of  channels  N=60  and  600; 

-  power  of  products  of  nonlinear  distortions  (transient  noises) 
at  point  with  zero  relative  level  ^110=500  A‘^'.=5'10‘ ’  mW,  Pk=0. 


Page  179. 


All  components/terms,  entering  brackets  of  expression  (7.2.33), 
are  taken  as  equal  to  each  other.  This  means  that  is  accepted  the 
condition,  according  to  which  the  powers  of  noises,  created  by  the 
products  of  the  nonlinear  distortions  of  different  order,  are  equal  to 


each  other  and,  consequent.uy ,  are  equal  to  (500/4)  =125  pW; 
-  value  y2(|)=yj(J)=y4(^)=y5{?)=0.5=y(O- 
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Expression  (7.2.33)  for  this  special  case  can  be  recorded  as 

(7.2.36) 

A  r 

Here  coefficient 

tA  -  4e-’'’  e""  =  =  192.-“'  e"-  =  1920e-”'  e'"'''. 

(7.2.37) 

From  (7.2.37)  it  follows: 


-26,  M  -<Pcp 
e  =  —  e 
4 

K  =  2pcp  — ^ T  ’ 


it  is  analogous: 


—  3Pcp  ■ 


-Lln^ 

2  24 


If  b,-bs  are  found,  then  according  to  (11. 6. 15)  it  is  easy  to 
determine  permissible  coefficients  of  nonlinear  distortions 


/(„%  = 


100^ 

f/i 


=  e  ^"-lOO. 


Coefficient  M  can  be  determined  from  (7.2.36): 


0.25P„ - - , 

A^K"ny(g)  ' 

Siibstituting  the  value  P„=5- 10-'' mW;  Af=240  kHz  with  N=60; 
M*2480  kHz  with  N=600  (see  Table  6.2.1);  Af„=3,l  K^^■.  ■■  0,56;  i/{|)=--0,5.  it 

is  easy  to  determine  all  values.  Values  Pcp  are  given  in  table  6.2.2 
or  are  counted  according  to  formulas  (6.2.4)  and  (6.2.5)  #  'fh®  results 
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of  calculating  the  indices  of  nonlinearity  6„  and  percentage 
distortions  K„  are  given  in  table  7.2.1. 

Page  180. 

From  Table  7.2.1  it  follows  that  requirements  for  linearity  of 
amplitude  characteristics  of  amplifiers,  modulators  and  demodulators 
are  very  high:  indices  of  nonlinearity  for  second  and  third  harmonics 
during  the  supplying  into  channel  of  measuring  level  must  be  7-9  Np 
(coefficient  of  nonlinear  distortions  -  several  hundredths  of  a 
percent),  and  for  fourth  and  fifth  harmonics  -  10-15  Np  in  dependence 
on  number  of  channels  (coefficient  of  nonlinear  distortions  - 
thousandths  and  hundred-thousandths  of  a  percent). 

If  measurement  of  nonlinearity  of  characteristics  will  be 
realized  by  level,  in  2  of  times  which  exceeds  measuring  (on 
voltage/stress),  then  according  to  application/appendix  6  value  of 
percentage  distortions  on  n  harmonic  can  be  Z"-'  once  that  larger 
given  in  Table  7.2.1.  The  value  of  the  indices  of  nonlinearity  in 
this  case  in  comparison  with  the  tabular  value  can  be  reduced  on 

Z»-t. 

For  explanation  of  aforesaid  let  us  find  permissible  value  of 
percentage  distortions  in  measurements  with  the  help  of  sine  voltage 
with  level,  equal  to  Pep.  Initial  conditions  are  the  same  as  during  the 
calculation  of  Table  7.2.1,  and  a  number  of  channels  N=600. 
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Prom  "^ble  7.2.1,  and  it  follows  that  P<i>=l,47  Np  and  therefore  in 
times  according  to  power  exceeds  measuring  level.  Thus, 
value  Z=»/r9=4.35.  So  that  in  telephone  channel  at  point  with  the  zero 
relative  level  the  total  power  of  transient  noises  would  not  exceed 
500  pW,  group  amplifier  (modulator,  demodulator)  was  necessary,  in 
which  in  the  measurements  with  sine  voltage  with  level  Pep  of  value 
Kn  i-n  Z'-i  times  differed  from  those  given  inTable  7.2.1.  Therefore 
value  K, ^0.055*4. 35=0. 24%;  K,<0. 006*4. 35"=0. 11%; 

K«<3. 6*10- -*4.35= =0.03%;  K^Sl . 1 • 10“ * • 4 . 34 «=0 . 004%. 
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Hence  follows  that  identical  power  of  transient  noises  is 
obtained  in  ratio  {K,/KJ  “8  and  (K2/Ks)=“60.  Thus,  the  unjustified 
neglect  in  the  calculations  by  values  and  K*  (or  b4  and  bs)  can 
lead  to  the  inadmissibly  high  value  of  transient  noises. 

Let  us  note  that  given  data  are  not  comprehensive  and  carry 
illustrative  character.  Obvious  also  that  the  accepted  during 
calculations  total  value  of  transient  noises,  equal  to  500  pW,  during 
the  identical  distribution  of  this  value  between  the  products  of  the 
nonlinearity  of  different  orders  (on  125  pW)  it  is  a  special  case. 

From  expressions  (7.2.33),  (7.2.35)  it  follows  that  in  general 
case  of  power  of  transient  noises,  created  by  products  of  nonlinearity 
of  different  orders,  they  can  be  not  identical,  but  different.  With 
other  words,  during  the  creation  of  group  amplifiers  developer  can 
arbitrari?-v  change  the  relationships/ratios  between  the  values  of 
percentage  distortions  or  the  indices  of  nonlinearity;  however,  these 
arbitrary  changes  must  be  implemented  so  that  the  total  power  of 
noises,  determined  by  expressions  ( 7. 2. 33)- (7. 2. 35) ,  would  not  be 
above  given  one.  For  the  illustration  of  the  possible  limits  of  a 
change  in  coefficients  and  indices  of  nonlinearity  Fig.  7,2.8  gives 
the  graphic  dependence,  which  determines  the  relationships/ratios 
between  these  coefficients  for  the  following  case;  the  total  power  of 
transient  noises  at  point  with  the  zero  absolute  level  is  equal  to  10, 
100,  200  and  1000  pW  (it  is  indicated  as  the  parameter  to  curves). 
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number  of  channels  Ni=600  (unbroken  curves)  and  (dotted  curves); 

y2 ($)=y3 (|)=0.5;  the  products  of  the  nonlinearity  of  the  fourth  and 
fifth  order  they  are  absent  (i.e.  bs-*»;  K4=0,  K5=0). 

From  examination  of  graphs  Fig.  7.2.8  and  "Table  7.2.1  it  follows 
that  during  transmission  of  OBP  all  amplifiers  must  have  amplitude 
characteristic  with  very  high  degree  of  linearity.  Especially  large 
difficulties  this  condition  it  will  cause  during  the  development  of 
powerful  steps/stages  of  transmitter,  since  in  this  case  of  their 
efficiency  will  be  small. 

Transient  noises,  which  appear  in  frequency  converters.  Let  us 
consider  the  block  diagram  of  the  frequency  converter  of 
oscillations/vibrations  with  the  filter,  shown  in  Fig.  7.2.9.  Here  to 
the  frequency  converter  is  supplied  the  oscillation/vibration  with  a 
frequency  of  shift/shear  of  fo  and  the  multichannel  telephone  signal, 
which  occupies  frequency  spectrxam  F'-F".  Let  us  note  that  this 
spectrum  can  lie/rest  both  above,  and  lower  than  frequency  kf*,  where 
k=l,  2,  3.  If  fo>(F'-F"),  then  at  the  output  of  converter  will  appear 
the  oscillations/vibrations  of  upper  and  lower  sidebands  or  as  they 
are  sometimes  called,  the  total  k  sidebands  kfe+(F'-F")  and  the 
inverse  differential  k  sidebands  «/o— (F'-F"). 
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Page  183. 

The  filter,  which  stands  after  converter,  is  tuned  to  one  them  them, 
and  thus  is  selected  the  useful  signal,  the  frequency  spectrum  of 
which  lies/rests  above  the  frequency  spectrum  of  the  input  signal.  If 
fo<(F'-F"),  then  at  the  output  c..  converter  they  appear,  furthermore, 
and  the  sidebands  of  form  (F’-F")  -  kf^,  called  straight/direct 
differential  k^v^sideband.  Due  to  the  nonlinearity  of  amplitude 
conversion  diagram  at  its  output,  besides  the  enumerated  sidebands, 
will  arise  other  bands,  determined  by  different  combination 
frequencies.  They  all  can  be  decomposed  into  three  groups.  The  first 
group  of  combination  frequencies  will  be  the  products  of  the 
nonlinearity  of  different  order,  formed  by  input  signal.  The  second 
group  of  combination  frequencies  is  determined  by  the  products  of  the 
nonlinearity  of  different  order,  formed  by  oscillations/vibrations 
with  the  frequencies,  to  the  multiple  frequency  of  shift/shear. 
Finally,  the  third  group  of  combination  frequencies  will  contain  the 
products,  which  are  determined  both  by  input  signal  and 
oscillations/vibrations  with  the  frequencies,  to  the  multiple 
frequency  of  shift/shear.  In  it  will  be  contained  the  useful  signal, 
which  will  pass  through  the  filter,  shown  in  Fig.  7.2.9.  It  is 
obvious  that  all  products  of  conversion,  which  fall  into  the  band  of 
useful  signal,  will  cause  transient  noises  in  telephone  channels.  The 
power  of  these  noises  at  point  with  the  zero  relative  level  at  the 
output  of  telephone , channel  can  be  determined  employing  the  same 
procedure,  by  which  was  obtained  expression  (7.2.32).  As  a  result  of 
examination,  with  which  conversion  diagram  is  approximated  by  the 
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polynomial  of  fifth  degree,  analogous  to  expression  {7.2.11),  it  is 
possible  to  obtain  following  expression  [7.6]; 

+  J_  »2-Hp,+^pA  + 

3  Uj  j 

+  ^  ^  y  ‘2-2(p,+3p.1  y^ 

+  ^  j'-*  ^"cp  ~n  <'a-2,p.,+^P.]  +  .  .  .  j  + 

4. 1. /di2L Y e'^^’cp  e“^‘t  2-“P»+2p*I  y,  ( |- 

^  Wi  / 

(|J^0  +  .  .  .  ). (7.2.39) 

M  .<!  y  Ji 
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Fig.  7.2.9.  Block  diagram  of  frequency  converter. 
Key:  (1).  Frequency  converter.  (2).  Filter. 
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Here  b*  and  bm  -  indices  of  nonlinearity,  determined  at  output  of 
converter  '■*  ;jr  ',g  the  supplying  to  input  of  converter  of  two  identical 
with  respect  to  amplitude  oscillations/vibrations  with  frequencies  f,, 
and  F,-  from  expressions 


e 


where  -  amplitude  of  voltage  component  on  output  of  converter, 
that  relates  to  first  group  of  combination  frequencies  and  determined 
by  product  of  first-order  nonlinearity  (i.e.  voltage/stress  Up^  or 
Up^)',  Vm±\-  -  amplitude  of  voltage  component  on  the  output  of 

converter,  relating  to  the  m^s: deband  of  the  products  of  first-order 
nonlinearity  (i.e.  voltage/stress  Vmf.rF^  or  Umf,+p^i 

Ui±i  -  amplitude  of  component  of  first  sideband,  determined  by 
the  products  of  first-order  nonlinearity  (i.e.  voltage/stress 
or  Uf±p^)\ 


br-t(p,)  and  bm.r-sxpx)  -  indices  of  nonlinearity,  determined  from  the 


u. 


r—s.  /■— i(p,)  _  . 


vJfV 


1. 1 


U. 


mtl 


expressions 
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where  Ur-,  -  amplitude  of  component  of  output  potential  of  converter, 
that  relates  to  the  first  group  of  the  combination  frequencies  of  the 
products  of  nonlinearity  r+s  of  order; 

Um±ir-„  -  amplitude  of  voltage  component,  which  relates  to  the  m-'i’^ 
sideband  of  the  products  of  nonlinearity  r+s  of  order. 


Index  pi  stresses  that  during  determination  of  enumerated  indices 
of  nonlinearity  of  amplitude  Ui+i  at  output  of  converter  has  absolute 
level,  equal  to  pi,  no. 


Page  185. 

Aj  -  is  determined  according  to  expression  (P.6.18): 

A,i  =  A»  +  — Pcpe"^ 

2A\ 

X  ji  -  5^1  -  e"^  . 


A=l-3e""™  +  5e' 

-l>3-2lp,) 

7 

Ai  — 

j  _  4g-f  *2-2(p.)+»1-1(p,)J  /  J  _ 

_ L-  p 

4A^^  ' 

1 

A  .  — 

1  _  5e“(  ‘3-2(p,)-»2-1(P,))  I'  J  _ 

--L-f 

/Iqj  — 

10/lf 

Ax  “  Ax  ~  h 


Amx  -  A„,  -f  -L  P,pe“f 

2A'j 

X  1 1  —  5  f  1  ^ - L-  p  e'*'’*')  e~^  2-‘(p.)l 

1  \  20^2  ; 


A,„^  1  -4e~^  *m.,2-2(p.)-<'m.  l-,(p.)]  /  j _ l_  ^ 

\  4/?  /■ 
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Here  fo  -  frequency  of  shift/shear  (see  Fig.  7,2.9),  f  -  value 
of  frequency  in  group  channel.  Index  in  the  brackets  in  values  ^ 
indicates,  which  of  the  sidebands  is  selected  by  the  filter,  which 
stands  after  converter.  Index  1  relates  to  the  case,  when  filter  is 
tuned  to  the  total  sideband,  index  2  -  corresponds  to  use  to  inverse 
differential  sideband,  while  index  3  -  to  straight/direct  differential 
sideband. 
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Fig.  7.2.10.  Dependence  y2(^>l). 

Page  186. 

Functions  i/»(U)  are  determined  according  to  graphs,  given  in 
Fig.  7. 2. 4-7. 2. 7.  Function  uA^mn)  with  |S1  is  determined  according 
to  the  graphs  Pig.  7. 2. 4-7. 2. 6,  and  with  {>1  -  according  to  the  graphs 
Fig.  7.2.10-7.2.13.  On  these  graphs  value  /3=(F"  /F')- 


Depending  on  selection  of  value  of  frequency  f  in  expressions  for 
using  formula  (7.2.39),  it  is  possible  to  determine  power  of 
transient  noises,  introduced  during  frequency  conversion,  for  any 
channel  of  system. 
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Fig.  7.2.13.  Dependence  ys(^>l). 

Page  187. 

7.3.  Transmission  with  the  frequency  modulation. 

Transmission  of  multichannel  telephone  signal  with  frequency 
division  multiplex  in  the  case  of  .i  can  be  clarified  on  block 
diagram  Fig.  7.3  -1. 

Telephone  signals  with  frequency  spectrum  which  come 

from  fi/  subscribers,  aiTter  passage  of  equipment  of  multiplexing  AY  and 
group  amplifier  IT  proceed  to  frequency  shift  key  of  ChM  transmitter  n 
in  the  form  of  Multichannel  telephone  signal  with  spectrum  Fj-Fj.  In 
the  absence  of  modulating  voltage  the  transmitter  emits 
oscillations/vibrations  with  a  carrier  frequency  of  fp;  with 
modulation  the  instantaneous  value  of  frequency  will  be  changed. 
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Oscillations/vibrations,  after  passing  the  feeder  of  transmitter,  will 
act  into  antenna  a'  and  they  will  be  emitted  to  the  side  of  repeater. 
On  the  repeater  the  oscillations/vibrations  with  a  carrier  frequency 
of  fo  are  accepted,  are  amplified,  they  pass  through  the  amplitude 
limiter  Orp,  they  are  displaced  in  the  frequency,  for  preventing  the 
self-excitation  of  repeater,  and  they  are  again  emitted  by  antenna. 


.•'il 

I 

1 

1  "• 

fHtlT^MIKC 

8 

B 

1 

R^^.  7.3.1, 

p^fi^  33^ 


h  \  .^ft 


1 

Ji^  ■  ^ 

tl, 


\__[i^_  Pm£aHcjimep 
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Fig.  7.3.1.  Block  diagram  of  transmission  with  ChM. 

Key:  (1).  Repeater. 

Page  188. 

Thus,  frequency,  emitted  by  repeater,  is  equal  to  f’**  The  frequency 
switch  of  the  oscillations/vibrations,  passing  through  the  repeater, 
is  realized  in  the  auxiliary  step/stage  of  repeater  BC.  Let  us  note 
that  in  the  same  step/stage  it  can  be  realized  and  an  increase  in  the 
deviation  of  frequency,  what  can  be  useful  for  increasing  the  gain  in 
the  section  satellite  -  Earth.  The  oscillations/vibrations,  emitted 
by  repeater,  are  received  as  the  low-noise  terrestrial  receiver  lip. 

At  the  output  of  receiver  stand  the  amplitude  limiter  of  oscillations 
Orp  and  frequency  discriminator  HH.  After  Hfl  ars  obtained  the 
oscillations  with  the  group  spectrm,  limited  by  frequencies  Fi-F^. 
These  oscillations  after  the  series/row  of  conversions  in  the 
receiving  part  of  the  equipment  for  multiplexing  AY  are  supplied  to 
the  sxabscribers. 

Let  us  conduct  estimate  of  the  magnitude  of  noises,  which  appear 
in  contemporary  systems  with  ChM,  on  the  basis  of  results,  obtained 
during  development  of  radio  relay  lines  (RRL). 

For  hypothetical  RRL  with  length  of  2500  km  average/mean  in  any 
hour  psophometrically  weighed  power  of  noises  at  point  with  zero 
relative  level  in  any  telephone  channel  must  not  exceed  7500  pW.  The 
relationships/ratios  between  the  separate  components  of  the 
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•  psophometrically  weighed  power  of  noises  at  point  with  the  zero 
relative  level  at  the  output  of  telephone  channel  RRL  in  accordance 
with  the  considerations,  given  in  [7.8],  are  approximately  similar; 

the  thermal  noises  . . .  3400  pW. 

transient  noises,  caused  by  reflections  in  feeders  ...  1800  pW. 

transient  noises,  caused  by  nonlinearity  of  phase  responses  of 
circuit  of  shf/SVCh  and  PCh  ...  2300  pW. 

If  we  consider  that  hypothetical  RRL,  in  the  case  of  transmission 
of  telephone  conversations  on  60  and  more  to  channels,  consists 
approximately  of  54  stations  and,  consequently,  signal  in  this  case 
passes  through  108  feeder  lines,  we  obtain,  which  to  one  feeder  falls 
not  less  (1800/108)  »1?  pW. 

Let  us  assiane  that  power  of  noises,  created  by  nonlinearity  of 
phase  responses  of  each  station  RRL  is  equal  to  power  of  noises,  which 
are  obtained  from  nonlinearity  of  amplitude  characteristics  of  group 
amplifiers  and  characteristics  of  frequency  shift  keys  and  detectors. 
Then,  taking  into  account  that  accepted  by  MKKR  hypothetical  RRL 
contains  54  stations,  to  9  ChM  modulators  and  demodulators  and  18 
group  amplifiers,  let  us  find  that  for  each  of  such  elements,  and  also 
to  one  complete  circuit  of  the  high  and  intermediate  frequency  of  each 
station  falls  the  power  of  noises,  equal  to  (2300/54+9+9+18}=23  pW. 
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Passing  now  to  Fig.  7.3.1,  it  is  possible  to  say  that  if 
technical  indices  of  nodes  of  communication  system  through  ISZ  will  be 
approximately  the  same  as  indices  of  analogous  elements  RRL,  then 
power  of  transient  noises,  which  appear  in  communication  system 
through  ISZ,  as  a  result  of  reflections  in  feeders  will  be  about 
4x17=68  pW,  and  caused  by  nonlinearity  characteristics  of  different 
elements  -  about  150  pW. 


In  real  communication  systems  through  ISZ  corrected  values  of 
noises  will  be  somewhat  different.  This  is  determined  by  the  fact 
that  the  power  of  the  noises,  which  appear  with  the  reflections  in  the 
feeder,  sharply  is  reduced  with  the  decrease  of  its  length.  If  we 
take  into  account  that  the  length  of  the  feeders  of  repeater  is  very 
small  due  to  compactness  of  equipment,  and  the  length  of  the  feeder  of 
ground-based  receiver  is  done  as  small  as  possible  for  purposes  of 
reduction  in  the  thermal  noises,  then  we  will  obtain  that  the  value  of 
the  noises,  which  appear  as  a  result  of  the  reflections  in  the 
feeders,  in  essence  will  be  determined  only  by  the  feeder,  which 
connects  terrestrial  transmitter  with  the  antenna.  Consequently,  the 
total  quantity  of  noises  due  to  the  reflections  in  che  feeders  with 
the  fulfillment  of  the  transmitting  feeder  of  terrestrial  station  with 
the  same  thoroughness  as  feeders  RRL,  will  not  exceed  20-30  pW  and  in 
further  calculations  can  be  disregarded. 


Another  position  will  be  with  noises,  caused  by  nonlinearity  of 
characteristics  of  repeater.  Taking  into  account  the  need  for  maximum 
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reduction  in  the  weight  of  the  elements  of  equipment  of  repeater, 
compactness  of  the  nodes  and  other  requirements,  cannot  be  considered 
that  the  nonlinearity  of  the  characteristics  of  equipment  of  repeater 
will  correspond  to  the  characteristics  of  the  analogous  elements  RRL 
station.  Apparently,  are  more  correct  tc  present  to  the  linearity  of 
response  of  repeater  less  stringent  requirements,  than  for  the 
characteristics  of  equipment  RRL. 


Taking  into  account  aforesaid,  subsequently  for  communication 
systems  through  IS2  we  will  examine  only  thermal  noises,  noises,  which 
appear  as  a  result  of  nonlinearity  of  amplitude  characteristics  of 
group  amplifiers,  characteristics  of  ChM  modulators  and  demodulators, 
and  also  noises,  caused  by  nonlinearity  of  phase  responses  of  elements 
of  circuit,  through  which  are  passed  by  ChM  oscillation. 


Thermal  noises.  Keeping  in  mind  (5.5.6)  and  (5.3.25),  in  the 
general  case,  when  in  the  auxiliary  step/stage  BC  of  the  repeater  (see 
Fig.  7.3.1)  a  change  in  the  parameters  of  modulation  (for  example,  an 
increase  in  the  deviation  of  frequency)  is  realized,  we  will  obtain 


-^^kAF.Fl 

" C 


^X6 

^03  A/Ji 


F n6  A 


k2  J 


(7.3.1) 


Let  us  recall  that  indices  1  and  2  relate  respectively  to  section 
of  connection/communication  Earth  -  satellite  and  satellite  --  Earth, 
and  Pm  and  Pno  are  determined  power  of  transmitters  (terrestrial  and 
onboard)  in  W. 
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Power  of  psophometrically  weighed  noises  at  output  of  telephone 
channel  at  point  w5th  zero  relative  level  will  be 

With  satisfaction  of  conditions  (5.5.7)  and  (5.5.8)  calculation 
of  thermal  noises  it  is  possible  to  carry  out  only  for  section 
satellite  -  Earth.  In  this  case  we  obtain  the  simplified  formula 


=  mW. 

•  n6^/y2 


(7.3.3) 


Taking  into  account  that  k=1.38»10*^®  J/deg;  AfK=3,l  kHz; 
—0,56,  we  will  obtain 


(7.3.4) 


In  the  case,  when  assigned  magnitude  of  fluctuation  noises  at 
output  of  telephone  channel  for  specific  section  of 
connection/communication  and  it  is  necessary  to  determine  power  of 
ground-based  or  onboard  transmitter,  on  the  basis  of  latter/last 
expression  and  given  nimierical  values  we  will  obtain 


a  314 


(7.3.5) 


Here  Pmaas  -  psophometrically  weighed  assigned  power  of  noises  in 
pW,  7,  -  in  degrees  of  -  “K.  Values  7j.  and  Sj.  must  correspond  to  the 
section  of  connection/communication,  for  which  is  assigned  the  value 


DOC  =  86120412 


PAGE  ^  3^^^ 


of  noises. 

.  V 

Let  us  note  that  calculation  according  to  expressions 
(7.3.1)-(7.3.5)  is  feasible  only  on  signal  level,  which  exceeds 
threshold  value. 

From  expressions  (7.3.2)  and  (7.3.5)  it  follows  that  power  of 
noises  depends  sxibstantially  on  value  of  effective  value  of  deviation 
of  frequency  in  telephone  channel  and  on  medium  frequency  of  telephone 
channel  Fk-  Consequently,  with  the  identical  value  of  the  deviation  of 
frequency  in  all  telephone  channels  the  value  of  noises  will  increase 
in  proportion  to  the  square  of  the  medium  frequency  of  telephone 
channel,  whet  will  lead  to  a  qualitative  difference  in  the  channels  - 
upper  channels  will  have  smaller  signal-to-noise  ratio,  than  lower. 

At  the  same  time  during  the  selection  of  the  identical  values  of  the 
effective  deviation  of  frequency  Afit  for  all  telephone  channels  the 
threshold  value  of  signal  will  prove  to  be  different;  with  a  gradual 
change  in  the  signal  level  with  reception  (for  example,  as  a  result  of 
a  deterioration  in  the  orientation  of  antenna)  the  signal  will  achieve 
threshold  value  first  in  the  lower  channels,  and  then  -  in  the  upper. 
The  latter  is  explained  by  a  difference  in  the  indices  of  modulation 
in  the  lower  and  upper  channels. 

Page  191. 

For  equalization  of  quality  of  telephone  channels  it  is  necessary 
on  transmitter  before  frequency  shift  Icey  to  establish/install 


L 

!; 

I 


DOC  =  86120412  PAGE  J 

predistorting  filter,  with  the  help  of  which  deviation  of  frequency  is 
changed  is  proportion  to  medixim  frequency  of  each  telephone  channel. 

On  the  receiving  side  after  frequency  discriminator  for  equalizing  of 
the  levels  in  different  telephone  channels  is  established/installed 
compensating  filter,  whose  frequency  characteristic  is  opposite  (it  is 
reverse/inverse)  to  the  frequency  characteristic  of  the  predistorting 
filter. 


During  determination  of  frequency  characteristic  of  predistorting 
filters  they  proceed  of  two  conditions.  One  provides  for  the  uniform 
distribution  of  the  total  power  of  noises  in  different  telephone 
channels  as  far  as  possible.  Another  determines  the  invariability  of 
charging  the  communication  system  with  the  switched  on  and 
switched-off  predistorting  filter,  i.e.,  the  invariability  of  value  Pw 


At  present  for  communication  systems  through  ISZ  frequency 
characteristic  of  predistorting  filter  of  MKKR  is  not  yet  determined, 
since  spectral  distribution  of  total  power  of  noises,  which  depends  on 
relationship  of  levels  of  received  signal  and  threshold  signal,  is 
insufficiently  known.  Nevertheless  MKKR  examined  the  schematic  of 
predistorting  filter  [7.2],  whose  attenuation  boip  at  frequency  F  of 
the  group  spectrum  is  determined  by  the  expression 


^0*  =  lOlg 


,  dB. 


(7.3.6) 
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Here  fr=l,25  F-i  -  resonance  frequency  of  ducts/contours  of 
predistorting  filter;  F2  -  maximum  frequency  of  group  spectrum. 

For  such  a  filter  the  transfer  coefficient,  equal  to  1  (6oq,  =  0), 

is  obtained  at  frequency  F+0.55F2-  The  frequency  response  of  the 
predistorting  filter,  defined  by  the  dependence  of  io<^  on  the  ratio 
F/F2,  is  shown  in  Fig.  7.3.2. 

To  determine  P^,  and  Pa  with  installation  of  a  predistorting 
filter  in  the  circuit,  into  the  denominator  of  expressions  (7.3.2)- 
(7.3.5)  should  be  introduced  factor  (5^=  which  characterizes 

change  of  deviation  of  frequency  due  to  predistortions  in  telephone 
channel  with  central  frequency  of  F„.  Value  6o<v  is  found  from  the 
graph  of  Fig.  7.3.2  or  from  an  analogous  one  taken  for  the  filter 
of  predistortions. 

Introduction  into  the  group  circuit  of  a  predistorting  filter 
with  the  response  in  Fig.  7.3.2  will  improve  the  signal- to-noise 
ratio  in  the  upper  telephone  channel  to  a  value  equal  to  3  dB  (W=2 
times  with  respect  to  power). 

Page  192. 

The  schematic  diagram  of  the  predistorting  filter  with  the 
response  in  Fig.  7.3.2  is  shown  in  Fig.  7.3.3  and  has  the  following 
parameters  with  input  and  output  resistance  Rq; 
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Vfr^-  '■“"=■ 

At  frequency  F,  must  be  observed  conditions  Ri<<0.01Ro? 
R2<0.01Ro.  Fig.  7.3.4  shows  the  schematic  diagram  of  compensating 
filter,  which  must  be  established/installed  after  of  receiver,  if 
before  the  frequency  shift  key  the  filter,  made  according  to  diagram 
7.3.3,  is  established/installed.  Parameters  of  the  filter  shown  in 
Fig.  7.3.4,  are  as  follows: 


l/^  -  1 .3A?,;  —  =  F,  -  1 .25F*. 

V  2n  /LiCy 

—  =  F,=  1,25F,. 

V  ‘*3  2«/ZA 


--  --  =  F,=  1,25F,. 

C.  1.3’  2«/Za 

At  frequency  Fr  satisfaction  of  condition  Ri<0.0lRo  is  necessary. 
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Fig.  7.3.2.  Attenuation  of  predistorting  filter. 

Key ;  ( 1 ) .  dB , 

Page  193. 

Optimum  value  of  deviation  of  frequency  in  communication  systems 
through  ISZ  at  present  is  not  yet  determined.  However,  taking  into 
account  the  special  features  of  these  systems  in  comparison  with  radio 
relay  lines,  it  is  possible  to  say  that  in  the  communication  systems 
through  ISZ  it  is  expedient  to  choose  the  value  of  the  deviation  of 
frequency  considerably  larger  than  in  RRL.  This  is  connected  with  the 
fact  that  basic  part  of  the  power  of  noises  at  the  output  of  telephone 
channel  in  the  communication  systems  through  ISZ  is  determined  by 
thermal  noises,  whereas  in  RRL  more  than  half  of  the  power  of  all 
noises  is  determined  by  transient  noises. 
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One  should  note  that  increase  of  deviation  of  frequency  in 
conununication  systems  through  ISZ-  in  combination  with  negative 
feedback  in  frequency  (or  with  other  methods,  which  make  it  possible 
to  reduce  threshold  value  of  signal)  they  make  it  possible  to 
considerably  decrease  power  of  onboard  transmitter.  However,  the 
excessive  value  of  deviation  will  cause  a  considerable  increase  in  the 
total  frequency  band,  which  will  hinder/hamper  the  creation  of  onboard 
and  ground-based  receiver. 

For  some  specific  conditions  can  be  taken/removed 
characteristics,  which  determine  optimtim  value  of  root-mean-square 
deviation  of  frequency,  at  which  at  output  of  line  of  communications 
will  be  obtained  greatest  value  =  •  Such  characteristics, 

which  make  it  possible  to  select  the  optimian  value  of  the  deviation  of 
frequency,  they  are  shown  in  Fig.  7,3.5  [7.10].  They  were 
taken/removed  during  the  tests  of  the  communication  system  through  ISZ 
"Telstar"  during  charging  of  system  by  noise  signal  with  the  band  from 
60  to  1052  kHz,  equivalent  to  240  telephone  channels.  Along  the  axis 

of  abscissas  it  is  plotted  to  the  ratio  (in  dB)  of  the  effective 

deviation  of  frequency  A/cp  to  10  MHz.  Measurements  were  conducted  at 
the  frequency  of  534  kHz.  In  Fig.  7.3.5  solid  lines  showed  the 
results  of  the  measurements,  carried  out  in  the  presence  of  negative 
feedback  in  the  frequency,  and  dotted  line  -  with  the  \isual  frequency 

discriminator.  From  these  curves  it  follows  that  the  optimum  value  of 

the  deviation  of  frequency  for  one  channel  proves  to  be  about  1  MHz. 
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Fig.  7,3.3.  Fig.  7.3.4. 

Fig.  7.3.3.  Schematic  of  predistorting  filter. 

Fig.  7.3.4.  Schematic  of  restoring  filter. 

Page  194. 

At  present  still  there  are  no  recommendations  of  MKKK  for 
selection  of  deviation  of  frequency  for  communication  systems  through 
ISZ.  Nevertheless  in  MKKR  was  conducted  the  discussion  of  this 
question  [7.9,  7.11],  in  Fig.  7.3.6  solid  lines  gnve  the  curves, 
characterizing  the  effective  value  of  deviation  to  channel  A/k  without 
the  introduction  of  predistortions  and  width  of  band  Af  in  the 
dependence  on  a  number  of  channels  N  in  the  communication  system 
through  IS2.  In  Fig.  7.3.6  points  showed  the  values  of  the  effective 
deviation  of  frequency  Af«,  accepted  by  MKKR  for  RRL,  which  correspond 
to  supply  to  the  input  of  telephone  channel  RRL  of  measuring  sine  wave 
with  the  power  of  1  mW. 

Calculation  of  width  of  band  Af,  occupied  during  transmission  of 
multichannel  telephone  signal  with  ChM,  and  effective  value  of 
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deviation  of  frequency  during  transmission  N  of  channels  A/cp  can  be 
made  according  to  expressions: 

Pep  (A 

•  A/cp  =  A/.lO  = 

x"=  10*® 

Entering  these  expressions  values  are  determined  according  to 
given  earlier  formulas  and  graphs.  Thus,  value  Pcp  is  located  through 
formulas  (6.2,4)  or  (6.2.5),  values  F,  are  given  in  Table  6.2.1,  and 
the  value  of  peak  factor  k  is  located  according  to  the  graphs  Fig. 
6.2.5.  During  the  determination  of  band  it  suffices  to  take  the 
values  K,  which  correspond  to  e=0.01. 
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Fig.  7.3.5.  Results  of  tests  during  charging  by  noise  signal, 
equivalent  N«240:  —  demodulator  with  OSCh,  -  -  -  usual 

demodulator,  frequency  of  experimental  tone  534  kHz. 
i:  :  (1).  dB.  (2).  MHz. 

Page  195. 

Let  us  note  that  curves  Af,  given  in  Fig.  7.3.6,  are  designed 
upon  consideration  (6.2.4)  -  solid  line  and  (6.2.5)  -  dotted  line  with 
e=0.001. 


Transient  noises,  which  appear  as  a  result  of  nonlinearity  of 
amplitude  characteristic  of  group  amplifiers  and  characteristics  of 
ChM  modulator  and  frequency  discriminator.  The  onset  of  transient 
noises  with  the  passage  of  the  multichannel  signal  through  the 
nonlinear  amplitude  characteristics  of  group  amplifiers,  and  also  due 
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to  the  nonlinearity  of  the  characteristics  of  ChM  modulatv^r  and 
frequency  discriminator,  is  analogous  with  that  examined  in  Section 
7.2.  Therefore  the  calculation  of  the  level  of  this  form  of  noises 
can  be  implemented  according  to  expressions  (7.2.33)-{?.2.35) . 

Transient  noises,  which  appear  as  a  result  of  nonlinearity  of 
phase  responses  of  circuits  of  shf/SVCh  and  PCh.  During  the  analysis 
of  these  noises  we  will  use  quasi -stationary  method.  This  means  that 
the  multichannel  telephone  signal  is  assumed  this  slowly  changing 
function  of  time  that  the  processes  of  establishment  do  not  play  the 
significant  i.'ie,  in  connection  with  which  the  static,  and  not 
dynamic,  frequency  and  phase  responses  of  the  elements  of  circuit  can 
be  considered. 
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Fig.  7.3.6.  Dependence  a/«  and  Af  on  number  of  channels. 
Key:  (1).  MHz.  (2).  for  RRL. 
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We  will  consider  that  frequency  and  phase  responses  of  elements, 
according  to  which  passes  ChM  signal,  can  be  respectively  approximated 
by  equations: 


A'{6o))  = 

9  (fla)  =  tptfla  +  +  Tfifi®*  4-  Wj6®‘ 


(7.3.8) 


I 

I 

I 


I 

I 


Here  detuning  in  frequency  6a»=aj-Wo ,  moreover  Wc  ~  average  angular 
frequency  in  passband,  and  cj  average  angular  frequency  in  passband, 
and  u  -  instantaneous  value. 


Let  us  note  that  expression  (7.3.8)  it  corresponds  to  frequency 


characteristic  of  tuned  amplifier  with  infinite  nxamber  of 
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single-circuit  steps/stages  of  amplification. 

As  V.  A.  Smirnov  [7.12]  showed,  analysis  of  transient  noises, 
caused  by  nonlinearity  of  characteristics  (7.3.8),  can  be 
substantially  simplified,  if  between  higher  frequency  of  spectrum  of 
modulating  oscillations  and  passband  of  elements  of  circuit  Af 
condition 

P-3-9) 

is  satisfied,  but  coefficients,  entering  resulting  expressions,  are  so 

low  that  value  7  is  of  the  order  l/{27rAf)S  and  coefficients  •>!)..  - 

order  „  ■  -  .  Vhen  these  conditions  and  in  circuit  amplitude  limiter 
(2nA/)f 

is  present,  it  is  possible  to  disregard  the  effect  of  the  nonlinearity 
of  frequency  characteristic  manifested  the  stronger,  the'  1S§S«* 
relationship/ratio  (7.3.9)  accurately  is  fulfilled.  Taking  into 
account  the  aforesaid,  in  accordance  with  [7.12],  we  will  consider 
that  if  to  the  input  are  given  ChM  oscillations,  described  by 
expression  (5.3.1),  then  at  the  output,  after  the  passage  through  the 
ideal  limiter  and  the  frequency  discriminator,  oscillations  can  be 
recorded  in  the  form 

Here  A  -  proportionality  factor,  not  depending  on  frequency  and 
time,  -  determines  products  of  nonlinear  distortions  due  to  phase 
response,  described  by  expression  (7.3.8),  moreover 

%{t)=  -f  ^(i^V3(/)  +  'hAoAJ'*  (/)  +  i})5A£o^V5(/)j  . 

(7.3.11) 

According  to  (5.3.2),  entering  this  expression  value  V(t)  is 
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initial  conununicat ion/report ,  transmitted  by  communication  system, 
i.e.,  in  this  case  multichannel  telephone  signal. 
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From  comparison  of  expressions  (7.3.11)  and  (7.2.14)  follows 
their  identity,  if  we  assume: 

a,  =-  TfiAw„, 
a$  =  'I’lAtiJj, , 

04  =  1J>4A<  . 

o»  =  .  (7.3.12) 

Therefore  during  replacement  of  coefficients  according  to 
(7.3.12)  we  have 


e,(/)  =  ^e(/). 


(7.3.13) 


Thus,  the  distortions,  which  appear  with  passage  of  ChM 
oscillations/vibrations  through  the  elements  with  the  nonlinear  phase 
response,  will  be  determined  by  derivative  of  value  8(/),  examined 
in  Section  7.2.  In  connection  with  this  the  compensation  for  the 
nonlinearity  of  phase  response  by  the  nonlinearity  of  the 
characteristics  of  modulators,  frequency  discriminator  or  by  the 
nonlinearity  of  the  amplitude  characteristics  of  group  and  video 
amplifier  is  impossible. 


For  calculating  transient  noises,  caused  by  nonlinearity  of 
phase  response,  let  us  take  into  account  expression  (rj.5.19),  which 
connects  spectral  densities  of  two  stationary  functions,  one  of  which 
is  equal  to  time  derivative  of  another.  This  will  make  it  possible 
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during  calculations  of  noises  to  use  the  results,  obtained  in  the 
sections.  7.2.  Thus,  taking  into  account  (7.3.13),  on  the  basis 
(^.5.19)  we  obtain 

0^(Q)  =  Q»0.{Q).  (7-3- 14) 

Here  (£i)  ~  energy  spectrum  of  distortions,  caused  by  passage 
through  element  with  nonlinear  phase  response,  and  G,  iQ)  is 
determined  by  expression  (7.2.26),  in  which  coefficients  a  should  be 
replaced  in  accordance  with  (7.3.12). 

As  a  result  of  sxibstitution  (7.2.26)  in  (7.3.14)  and 
conversions,  analogous  carried  out  during  conclusion/output  of 
expressions  (7.2.29)-(7.2.32) ,  we  will  obtain  expression  for 
determination  psopnometrically  weighted  power  of  transient  noises  at 
output  of  telephone  channel,  caused  by  nonlinearity  of  phase 
responses 

p  ^  -Z?!"  (2j;  f  J*  [2\|)2  AWm  /?K  J/,(5)  +  6\j)3A(Dm/?K  I/s  (0  + 

A  f 

+  24tJ)JAu»;;,  rI  i/4(?)  e'‘'’'P  +  1 20ij)8 Au)“ e"’'’cp  i/s  (;)]  •  (7.3.15) 

This  expression  is  correct  for  point  with  zero  relative  level. 
Let  us  find  the  values  of  coefficients  entering  expression 

(7.3.15) . 

Page  198. 

For  this  we  will  consider  that  the  modulating  voltage/stress  is 
harmonic  test  signal  with  frequency 
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V  (0  =  {/,sinQg  r  =  y 

I/* 

moreover  in  accordance  with  {P.4,8)  p  ^^e***  — — 

2/?k 


(7.3.16) 


With  passage  of  oscillation/vibration,  frequency-modulated  by 
harmonic  signal  with  frequency  of  through  elements  with  nonlinear 
phase  terminal  characteristics  of  frequency  discriminator  to  be 
obtained  oscillation/vibration  with  frequencies  of  2Q*.  3  Qk.  and  so 
forth.  Designating  the  appropriate  attenuation  indices  through  b*, 
bj,  b*,  bs,  analogous  how  this  was  done  in  Section  7.2,  equalizing 
(7,3.12)  and  (/7.6.22),  upon  consideration  (7.2.30),  (7.2.31),  after 
conversions  let  us  find: 

Therefore  instead  of  (7.3.15)  we  will  obtain 

-  p  « - ! —  { e~***  e^'’cp  y,  (?)  + 

Af  '  {2nf,)* 

U.  ±  e^^cp  y,  (?)  +  I2e-®‘*e*^cp  y,  (?)  +  ^  e"***  e'°^cp  y,  (5)  j.  m  U. 

^  (7.3.18) 

Taking  into  account  (|].6.15),  we  will  obtain  expressions  for 

determining  transient  noises  through  percentage  distortions 


P  =^pcp  {Khtil)  +  3e*'’cp/(li/,(?)  + 

+  12e''’«p  A?  yt  (?)  +  77e®^cp  /(|  y^  (?)J,  mW. 


(7.3.19) 
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Let  us  note  that  expression  (7.3.18)  is  analogous  with 
expression  (7.2.33),  and  (7.3.19)  it  is  analogous  with  expression 
(7.2.35).  However,  in  expressions  (7.3.18)  and  (7.3.19)  essential  is 
the  fact  that  the  value  of  the  noises,  caused  by  the  nonlinearity  of 
phase  response,  is  determined  by  the  ratio  of  the  frequency  of 
telephone  channel  to  the  frequency  of  the  measuring  tone,  with  the 
help  of  which  is  produced  the  determination  of  all  indices  of 
nonlinearity  in  expression  (7.2.18)  or  all  percentage  distortions  in 
expression  (7.3.19).  In  this  case  the  level  of  experimental  tone  must 
be  equal  to  the  normal  measuring  level  of  channel. 

In  practice  of  expression  (7.3.18)  and  (7.3.19)  sometimes  more 
conveniently  to  represent  in  another  form. 

Page  199. 

This  is  connected  with  the  fact  that  the  coefficients  \^,  entering  in 
(7.3.15),  can  be  determined,  if  the  characteristic  cf  group  time  lag 
is  known.  Actually,  if  phase  response  is  determined  by  expression 
(7.3.8),  then  the  group  time  lag  of  signal  will  be 

T  =  H-  +  4ij>t6(i)*  4-  {7-3-20) 

Here  value  V'l  determines  time  lag  of  signal  t*  at  frequency  Wo/ 
which  is  midband  frequency  of  transmission  of  element  of  circuit  in 
question.  The  graphic  dependences  of  phase  response  and  group  time 
lag,  determined  by  expressions  (7.3.8)  and  (7.3.20),  they  are  shown 
in  Fig.  7.3.7.  F.'om  this  figure  it  is  possible  to  determine  values 
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(ij>nA(i)"-')  entering  in  (7.3.20),  if  are  known  (or  they  are  assigned)  the 
values  of  a  change  in  the  group  time  with  the  symmetrical  frequency 
deviation  from  the  average/mean  value  for  values  ±Ao),t  and  ±aAu)K- It  is 
obvious  that  for  obtaining  the  deviation  of  frequency,  equal  to  ±Ao)i<, 
to  the  channel  must  be  given  the  measuring  level,  and  for  obtaining 
the  deviation  of  frequency  ±aA(i)K  this  level  must  be  changed  in  a  of 
times.  With  the  substitution  of  these  values  of  the  deviation  of 


frequency  in  (7.3.20)  in  accordance  with  the  designations  in  Fig. 


7.3.7  we  will  obtain: 

T  (AaJ  =  2ij)jA(0K  H-  +  4ij)«Aa'>®  +  SAcojJijjj 

\  (—  A(Dk)  =  — 2t|),A(i)K  4-  3^|)»A<i)*— 4ij)4A(i)3  +  5A©J>j)4 
T  (a  A©J  =  2ij),a  A©„  -f  3tj)3a*A©*  +  4it»4a*  Aw®  4-  5\jjja*AwJ 
c(— o  AwJ  i=s  —  2»j)j0  Aw^  -}-  3ij>ja*Aw* — 4ij)4a*Aw®4-  5\|)40‘Aw|| 

Solving  jointly  these  expressions,  we  obtain  formulas  g"'*en 

below,  which  for  reduction  of  recording  we  will  designate  through  r 


with  index,  which  shows  order  of  nonlinearity: 


.  ^  g*  (t  ( —  t  (—  AWk);  —  {T  (a  Awk)  —  t  (—  o  AWh))  _ 

“  4tt(o*-  1)  *’ 

^  Aq)2  _  g*  (t  (Awk)  +  T  (—  Awk))  —  {T  (a  Awk)  -h  t  (—  g  Amk))  _  _ 

“  6a»(g*-l)  " 


(7.3.22) 


Am3=  «  (T  (AW«)  -  T  (-  Am,)]  —  [T  (0  Aw,)  -  T  (-  g  AMk)!  _  _ 

“  8a(l— a*)  **• 

ih  Aw4=  a*  Ir  (Am,)  +  t  (—  Am.)  I  — [r  (a  Awk)  +  t  (—  a  Aw«)1  _  ^ 

10c*  (1 -a*)  — -t*. 


(7.3.22) 
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Fig.  7.3.7.  Phase  response  and  characteristic  of  group  time  lag^. 

Page  200. 

Taking  into  account  that  maximum  (peak)  level  of  multichannel 
signal,  which  we  will  consider  equal  to  one,  creates  peak  deviation 
of  frequency  Aow  and  maximum  deviation  of  frequency,  created  by  sine 
wave  with  amplitude  of  U^.  is  equal  to  V^2  A(0k  (here  Awk='2  nb^h- 
effective  value  of  deviation  of  frequency,  created  by  sine  wave 

signal),  it  is  possible  to  compose  following  equality; 

AOw  _  _i_ 

VTaw,  t/, ' 

Since  -JL  =p,=e*'’« ,  where  p*  “  level  of  sine  wave,  it  is  possible 
to  record 

(7.3.23) 

Substituting  (7.3.23),  (7.3.22)  and  formula  (7.3.15)  with  value 
Pn=0,  let  us  find  power  of  noises,  caused  by  nonlinearity  of  phase 
response,  for  point  with  zero  relative  level 
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p  ^  02  yt(i)  +  etie*'’cp  y, ($)  + 

?  A  f 

+24e‘^«Pf/4(S)%4+120e“’'’«J>  t8i^,(S)l ,  mW.  (7,3.25). 

If  power  of  noises  is  determined  at  point  with  level  pu,  before 
expression  (7.3.25)  it  must  stand  factor  e®'’*'-  Entering  this  expression 
values  T  are  determined  according  to  the  specific  characteristic  of 
group  time  lag  UPCh  in  accordance  with  Fig.  7.3.7  on  formulas 
(7.3.22) . 

According  to  expression  (7.3,25)  it  can  be  solved  and  inverse 
problem  -  on  assigned  value  p,  it  is  possible  to  dete'*mine  values 
Tj-Ts,  and  then  from  expressions  (7.3.22)  to  find  relationship/ratio 
between  parameters  T(±AaK)-,  T(±aAfvK)  and  a  and  thus  to  determine 
requirements  for  values  of  group  time  lag  and  for  phase  response  of 
circuit. 

For  calculating  values  rj-T*  according  to  expression  (7.3.25)  it 
is  necessary  to  assign  exemplary/approximate  relationships/ratios 
between  power  of  noises  of  different  order,  for  example,  to  consider 
that  power  of  noises  of  different  order  is  identical,  i.e., 

2T2e^^epy,(5)  =  6T3e*'’«i>^i(5)’=  24T4e*'’ep  1/4 ($)  =  120r6e'®'’cp  ($). 

(7.3.26) 
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Can  be  accepted  other  relationships/ratios.  Let  us  note  that  in 
the  case,  when  phase  response  can  be  approximated  by  the  polynomirl 
of  the  third  pov;er,  value  h>4='/'s=0;  therefore  according  to  (7,3  2i\ 
This  considerably  simplifies  expression  (7.3.25),  which  in 
this  case  for  the  point  with  level  pb  can  be  recorded  in  the  form 


6^3e®"cp /r)j ,  mW.  (7.3.27). 

r 


Now  for  determination  Tj  and  r,  it  suffices  to  know  only 
parameters  T(AaK)  snd  t(— AciiK)or  tCcAoh)  and  t(— oA^k)  (see  Fig.  7.3.7), 
changes  in  group  time  characterizing  dependence  on  frequency, 
moreover  from  solution  of  equ.  (7.3.21)  with  V'4=V'5-0,  let  us  find; 


T,  = 
T«  = 


T  (ACOk)  —  T  (— AMk)  _  T  (a  AMk)  —  T  (—  g  AMk) 
4  4a 

r  (AcJk)  -r  t  (—  AcOk)  _  t  (a  Aie,)  +  t  (—  a  A(i)k) 
6  6a* 


(7.3.28) 


Value  a  can  be  any  number. 


For  evaluation/estimate  of  order  of  magnitudes  of  parameters  r, 
and  Tj  in  the  case,  when  phase  response  is  approximated  by  polynomial 
of  third  power,  F:q,  7.3.8  gives  dependence  between  parameters  f(A6),<) 
and  t(— Au„)  for  upper  telephone  channel  at  transmission  60  and  600 
•i-'-ls  and  different  amount  of  power  of  noises  .  expressed  in  pW. 
Graph  is  constructed  according  to  expressions  (7.3.27)  and  (7.3.28) 
for  the  point  with  zero  relative  level  (p„=0). 
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From  examination  of  expression,  which  Cetermines  value  of 
transient  noises,  caused  by  nonlinearity  of  phase  response,  it 
follows  that  these  noise  in  upper  telephone  channels  will  be 
considerably  more  than  in  lower.  Let  us  note  that  the  transient 
noises,  determined  by  the  nonlinearity  of  the  group  circuit  (see 
expressions  (7.2.33)  (7. 2. 35'  and  the  graphs,  given  in  Fig. 

7. 2. 4-7. 2. 7,  comparatively  little  depend  on  the  location  of  telephone 
channel  in  tho  group  spectrum. 
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Fig.  7.3.8.  Relationships/ratios  between  t(Aum)  and  t{— Aw*;  -  -  -  - 
N=600, - N=60. 

Key:  (1).  s.  (2).  pW. 

Page  202. 

Reduction  in  noises  in  communication  systems  is  necessary  to 
realize  by  correction  of  phase  rtoponse.  Equalization  of  phase 
response,  and  consequently,  and  gi'oup  time  lag,  must  be  realized  in 
the  entire  passband  without  a  change  in  the  frequency  characteristic. 
Therefore  compensating  circuits  in  the  passband  must  have  a 
transmission  factor,  not  depending  on  the  frequency.  As  compensating 
circuits  different  bridge  circuits  most  frequently  are  used.  Usually 
correction  is  realized  at  the  intermediate  frequency. 

7.4.  Transmission  with  KIM. 
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Transmission  of  telephone  signals  in  the  case  KIM  is  realized 
according  to  diagram  Fig.  7.4.1.  In  this  diagram  signals  of 
subscribers  after  coding  device/equipment  KY  and  equipment  for 
time-division  multiplex  AY  proceed  to  modulator  M.  It  realizes 
modulation  of  amplitude  {  Kims  -  AM),  frequency  (KIM-ChM)  or  phase 
(KIM-FM)  of  the  oscillations/vibrations  of  the  transmitter,  which 
works  at  frequency  f,.  The  modulated  oscillations/vibrations  on  the 
feeder  proceed  to  antenna  A'  and  are  emitted  in  the  direction  of 
satellite  (repeater). 


On  satellite  of  oscillation/vibration  Ap',  are  amplified  by 
receiver  Dp  and  after  passage  of  limiter  Orp  enter  auxiliary 
step/stage  BC,  where  they  are  displaced  in  frequency,  are  accepted  as 
antenna.  Then  oscillations/vibrations,  after  the  passage  of 
transmitter,  are  emitted  by  antenna  Ap  in  the  direction  of  the  Earth. 
Let  us  note  that  into  the  composition  of  the  step/stage  VS  of 
repeater  can  in  a  number  of  cases  enter  the  system  of  the 
regeneration  of  the  pulses/momenta  accepted,  as  a  result  of  which  at 
the  output  repeater  the  pulse  impulses/transmissions,  free  from  the 
fluctuation  noises,  will  be  obtained. 


Oscillations/vibrations,  emitted  by  antenna  of  repeater  Ap,  are 
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accepted  to  antenna  terrestrial  station  A"  and  after  passage  through 
receiver  np  and  limiter  proceed  to  demodulator,  equipment  for 
separation  of  cnannels  AY  and  decoder  AY.  From  the  output  AY  the 
taken  signal  is  supplied  to  the  subscribers. 

Principle  of  transmission  of  telephone  signals  examined  with  KIM 
can  be  realized  in  the  form  of  two  variants:  in  the  absence  of  pulse 
regeneration  in  repeater  and  during  introduction  to  regeneration. 
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Fig.  7.4.1.  Bloek  diagram  of  transmission  from  KIM. 

Key:  (1).  .Retranslator. 

Page  203. 

It  is  obvious  that  the  quality  of  reception/procedure  in  the  first 
version  will  be  determined  by  general/common  effect  on  the  signal  of 
the  noises  of  repeater,  and  the  noises  of  terrestrial  receiver.  In 
this  case  most  appropriate  will  be  such  distribution  of  energy 
relationships/ratios  in  the  sections  of  connection/communication, 
during  which  the  signal-to-noise  ratio  at  the  input  of  onboard 
receiver  will  prove  to  be  considerably  more  than  at  the  input  of 
terrestrial  receiver.  This  is  connected  with  the  fact  that  the 
creation  of  large  power  under  the  terrestrial  conditions  proves  to  be 
considerably  simpler  and  it  is  more  economical  than  under  the  space 
conditions.  This  is  correct  for  the  second  version.  The  difference 
between  the  versions  consists  in  the  fact  that  in  the  first  the  more 
powerful  terrestrial  transmitter  will  be  required,  whereas  the 
secondly  -  will  be  required  more  complicated,  installed  equipment  of 
satel'ite,  which  swif;hes  on  the  system  of  pulse  regeneration. 
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'  demodulator  of  receiver  and  modulator  of  transmitter. 


Thermal  noises.  For  each  section  of  connection/communication  on 
the  basis  (5.1.3)  it  is  possible  to  record  the  following  expression: 

9(uxa  “ 

where  index  a  determines  the  number  of  the  section  in  question. 


In  accordance  with  this  psophometrically  weighed  power  of 
thermal  noises,  in  ^reference  to  point,  at  which  measuring  output 
signal  level  is  equal  to  1  mW,  will  be 


With  sxjibstitution  into  this  expression  of  relationships/ratios 
(5.4.19)  -  (5.4.21)  we  will  obtain: 


(7.4.1) 

(7.4.2) 

(7.4.3) 


(7.4.4) 
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For  definition  of  power  of  transmitters,  established/installed 
on  board  satellite  or  on  Earth  with  given  value  of  psophometrically 
weighed  power  of  noises  PmsaA^  expressions  (7.4.1)-{7.4.3)  for  case  of 
measurements  by  simple  tone  can  be  rewritten  as: 


Thus,  knowing  right  side  of  these  relationships/ratios,  it  is 
easy  to  determine  values  ^w.for  different  forms  of  modulation.  For 
convenience  of  the  determination  of  value  Fig.  7.4.2  gives  graphic 
relationships/ratios  <78*  and  products  which  stand  on  the  left 

side  of  three  latter/last  expressions.  Thus,  after  determining 
according  to  the  graphs  Fig.  7.4.2  value  q,  from  expression  7.4.4  it 
is  possible  to  find  the  power  of  transmitter  P,,,,. 


Let  us  note  that  expressions  (7.4.1)  -  (7.4.3)  and  (7.4.5)  - 
(7.4.7)  are  obtained  for  idealized  communication  system.  Therefore 
during  calculations  should  be  considered  some  other 
relationships/ratios.  For  the  communication  systems  with  KIM-FM  it  i 
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establish3d  [7.14],  that  in  the  case,  when  the  probability  of  the 
erroneous  reception/procedure  of  the  elementary 

impulses/transmissions  of  code  groups  id  equal  p=3*10‘S  the  power  of 
noises  at  the  output  of  telephone  channel  are  20000  pW,  and  value 
9Bx=8.With  a  change  of  value  p,  into  the  same  number  of  times  is 
changed  value  and  power  of  noises  in  telephone  channel.  On  the 
other  hand,  relationship/ratio  between  values  p  and  values  <7bi  they 
are  established  by  graph  on  Fig.  5.4.1  and  by  expression  on  page  132. 
On  the  basis  of  both  these  conditions  was  constructed  dependence  in 
the  form  of  the  dotted  curve  in  Fig.  7. 4.. 2,  which  makes  more  precise 
the  connection/communication  between  product  ^sxe"^**  and  with  value 
(7bx  for  the  nonideal  ized  system  KIM-PM. 

For  case  of  real  system  to  Kims  Fig.  7.4.2  gives  second  dotted 
curve,  which  was  determined  in  terms  of  values  Tables  5.4.1. 
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Fig.  7.4.2.  Values  and  q. 

Page  205. 

Width  of  band  a/,,. entering  expression  (7. 4.. 4.), 
band,  necessary  for  recpetion  of  signais. 


de-term  iuses 


mindmum 


With  transmission  of  pulses/momenta  in  the  case  AM  and  single 
FM,  with  which  phase  of  modulated  oscillation/vibration  is  changed  on 
180",  width  of  band  is  identical  and  is  determined  of  condition  for 
passage  of  first  side  frequencies.  Therefore  width  of  band  of 
idealized  receiver  with  account  (6.4.3)  must  be  not  less 


A/,  =  2AF=  I6.8'10» /J/V.  Hz.  (7.4.8). 


Upon  consideration  of  instabilities  of  frequencies  of 
transmitter  and  heterodyne  of  receiver  bandwidth  must  be 
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corrtesponcl:ia^^  incceasedL 

Expressiisim  (7.4..8)  is  correct  for  FM  in  the  case,  when  upon 
transfer  fronr  pulsing  to  pause  phcase  of  modulated 

oscilletion/vdibration  is  changed  cm  180“.  For  the  reduction  of  band 
i-n  a  number  of  cases  is  used  repeated  (multiposition)  FM,  with  which 
the  transmitted  sequence  of  pTilses/momenta  is  divided/marked  off  into 
several  groups.  With  twofold  TH  (DFM)  with  the  equal  values  of  a 
chancre  in  the  phase  angle  the  sequence  of  pulses/momenta  is 
d'iv'i^ed/marked  off  into  two  independent  groups,  applied  to  the 
modt^-ator  along  two  channels, 

D^ending  on  they  go  along  both  channels  impulses/transm.issions, 
pauses  or  their  combination,  is  changed  the  phase  angle  of  carrying 
oscillation/vibration.  The  latter  is  clarified  by  “fables  74, .1. 

As  a  result  of  applying  dfm  in  band,  on  which  in  the  case  AM  is 
transmitted  N  channels,  can  be  transmitted  2  N  channels.  Therefore, 
tlHing  into  account  expression  (7.4.5),  for  the  case  DFM  we  will 

obtain 

=  8.4-10*  nN. 

Lit  u®  note  that  sometimes  DFM  call  quadrature  of  phase 


modulation  (KFM) . 


DOC  =  86120413 


PAGE  ^ 


3.7^ 


One  should  note  that  with  increase  in  multiplicity  of  phase 
modulation  value  of  shift/shear  of  phase  angle  between  adjacent 
values  is  reduced,  which  decreases  noise  immunity  of  communication 
system. 
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Table  7,4.1. 


Key  (1).  Transmission  mode  along  channel  1.  (2). 

impulse/transmission.  (3).  pause.  (4).  Along  channel  2.  (5).  Value  of 
carrier  frequency  oscillation/vibration. 

Page  206. 

Bandwidth,  occupied  by  signal  in  the  case  ChM  with  index  of 
modulation  m=16,  proves  to  be  equal  to  width  of  band  AM  of  signal 
[7.13].  Therefore  with  the  indices  of  modulation  m<16  it  is  possible 
to  consider  that  the  necessary  frequency  band  in  the  case  ChM  will  be 
the  same  as  with  Al'J  and  single  ?M,  i.e.,  will  be  determined  by 
expression  (7.4.8). 

Noiser.  of  quantization.  The  power  of  psophometrically  weighed 
quantization  noises  at  point  with  the  zero  relative  level  can  be 
found  from  expression  (5.4.4) 

Pma  =  •  (7.4.10). 
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7.5.  Mixed  transmission  modes  of  multichannel  telephone  signals. 

By  mixed  transmission  modes  of  multichannel  telephone  signals  we 
will  understand  case,  when  in  sections  of  line  of  communications 
Earth-satellite-Earth  are  used  different  forms  of  modulation.  A 
change  in  the  methods  of  modulation  can  be  stipulated  on  different 
reasons.  To  the  bases  of  themi  can  be  attributed  the  following:  an 
increase  in  noise  immunity  in  the  section  of  connection/communication 
a  satellite-Earth  with  the  simultaneous  decrease  of  the  bandwidth  in 
the  section  Earth-satellite,  the  creation  of  the  system,  which 
ensures  the  repeated  use  of  a  repeater  for  the  simultaneous 
transmission  of  the  signals  of  several  terrestrial  stations  or  as 
occasionally  is  referred  to  as  this  type  of  work,  for  the  creation  of 
system  with  multistation  access,  etc. 

In  the  first  of  enumerated  cases,  taking  into  account 
possibility  of  designing  of  sufficiently  large  power  in  section  of 
connection/communication  Earth-satellite,  is  possible  use  of 
following  versions  of  modulation  of  oscillations; 

1)  OBP  in  section  Z-  S  and  ChM  in  section  S  -  Z, 

2)  OBP  in  section  Z  -  S  and  KIM  in  section  S  -  Z. 
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3)  ChM  with  narrow  band  in  section  Z-  S  and  ChM  with  broad  band 
in  section  S  -  Z, 


4)  ChM  in  section  Z  -  S  and  KIM  in  section  S  -  Z. 


Let  us  note  that  first  and  third  versions  of  modulation  can  be 
carried  out  in  such  a  way  that  they  will  not  require  demodulation  of 
oscillations  on  repeater.  This  fact  is  very  important,  since  ensures 
not  only  the  simpler  construction  of  equipment  of  repeater  with  a 
simultaneous  increase  in  its  reliability,  but  also  excludes  the 
possibility  of  the  appearance  of  the  transient  noises,  which  will 
unavoidably  arise  in  the  process  of  detecting  of  the  high-frequency 
oscillations,  amplification  of  the  group  spectrum  and  its  conversions 
with  modulation  of  onboard  transmitter. 
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Versions  2  and  4  lead  to  more  complicated  equipment  of  repeater, 
since  they  require  presence  on  board  complete  complex  of  equipment, 
which  ensures  obtaining  KIM  and  corresponding  modulation 
devices/equipment. 


Calculation  of  value  of  noises,  which  are  obtained  at  output  of 
line  of  communications  or  calculation  of  power  of  transmitters  with 
given  values  of  noises  for  individual  sections  of  line  is  realized 
according  to  expressions,  given  in  previous  sections  of  this  chapter. 


Ai 
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7.6.  Noises  at  the  output  of  channel. 

As  already  mentioned,  at  output  of  telephone  channel  is  obtained 
thermal  and  transient  noise,  v/hose  overall  value  must  not  exceed 
values,  determined  by  norms  f^KKR  [MKKP  -  International  Radio 
Consultative  Committee!.  Therefore  during  calculations  of  systems  and 
lines  of  communications  it  is  necessary  to  know  the  laws  of  the 
addition  of  the  noises,  which  appear  in  the  elements  of  equipment  of 
terrestrial  stations  and  communication  satellite. 

If  processes  in  question  are  statistically  independent  random 
processes,  then  their  average/mean  values  are  summarized.  In  this 
case  the  total  power  of  processes  is  equal  to  the  sm  of  power,  i.e., 

=  (7.6.1) 

Thermal  noises  is  example  of  such  processes  in  communication 
system  through  ISZ,  since  phenomena,  which  cause  appearance  of 
thermal  noises  in  onboard  and  ground-based  devices/equipment,  are 
independent  from  each  other. 

In  the  case,  when  coefficient  of  correlation  oL  random  processes 
in  question  is  equal  to  one,  i.e.,  when  random  processes  prove  to  be 
in  accuracy  repeating  or  differ  from  each  other  to  constant  factor, 
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it  is  necessary  to  summarize  instantaneous  values  of  processes  - 
voltage/stress  u  or  current  i.  Since  the  values  of  voltages/stresses 
or  currents  during  the  known  resistor/resistance  of  R  can  be 
expressed  through  the  power  of  each  process  Pi,  the  total  power  of  the 
processes  examined/considered  by  m  can  be  recorded  in  the  form 


Transmission  witn  CCC  OBP.  In  this  case  during  the  transmission 
of  signal  through  the  circuit  at  the  output  of  telephone  channel  the 
part  of  the  noises  will  be  determined  by  thermal  processes,  and  the 
part  of  the  noises  -  by  nonlinearity  of  circuit. 

Since  thermal  and  transient  noises  are  independent,  their  tot at 
power,  in  accordance  with  (7.6.1),  will  be  determined  by  sum  of 
power . 

Page  208. 

However,  a  question  about  the  addition  between  themselves  of  the 
transient  noises,  which  will  be  obtained  with  the  passage  of  the 
signal  through  the  series-connected  amplifiers  and  converters  of 
frequency,  spread  from  each  other  up  to  the  considerable  distance 
(part  on  the  Earth,  part  on  ISZ),  requires  more  detailed  examination. 
There  is  no  at  present  comprehensive  solution  of  this  question  still; 
therefore  further  examination  is  approximate. 
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We  will  consider  that  amplitude  characteristics  of  amplifiers 
are  described  by  polynomial  of  fifth  degree  according  to  (7.2.11), 
and  phase  shifts,  introduced  by  amplifier,  are  absent.  At  the  same 
time  let  us  assume  that  the  phase  responses  of  the  sections  of  the 
coupling  links  between  the  amplifiers  are  identical,  linear  in  entire 
operational  frequencies  band  and  are  described  by  the  expression 

9  =  <Po  +  <pA  (7.6.3) 

Then  during  the  supplying  to  input  of  first  amplifier  of  two 
harmonic  oscillations  with  frequencies  of  fia  and  Qc>  at  its  output,  in 
accordance  with  (fj,6.25)  and  (/7. 6.27),  we  obtain  components  with 
frequencies  of  Qc  2Qa.  2Qc:  3ii»;  Qa— Qc;  2Qa— Sic  and  so  forth.  With  the 
passage  of  these  components  through  one  coupling  link  to  the  input  of 
the  second  amplifier,  in  accordance  with  (7.6.3),  will  act  the 
products  of  the  nonlinear  distortions  of  the  following  form: 

cos(Q,<  +  9o  +  'PiSla).  (7-6.4) 

^  (Slol  +  %  +  TiSlc)*  (7.6.5) 

cos(2S3,/  +  <po  +  q)i2S2a) 
cos(2S2e#  +  g),  +  (pi2fii.) 
cos(3Sl./  +  (po  +  <Pi3S2a) 
cos(3S2e/-f  (p,  +  (pj3S2iJ. 
cosI(S2,  ±  SU /  +  To  +  Ti  (Sla  ±  S2c)I 
cos  I(2Q,  ±  Sic)  /  -f  To  -f-  Ti  (2S2,  ±  S2e)J 
ccsI(2Sl,  ±  2Sy  /  +  T*+  Ti  (2S1.  ±  2S1,)) 
cos{{3Q,  ±  2S^  /  +  To+  Ti  (32*  ±  20^1 

From  appendix  6  it  follows  that  components  (7.6.4)  and  (7.6.5) 
have  considerably  greater  amplitudes  than  components,  described 
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Let  us  consider  now  passage,  enumerated  components  through 
second  amplifier  with  nonlinear  amplitude  characteristic.  With  the 
substitution  of  expressions  (7.6.4)-(7.6.6)  in  the  first  (linear) 
term  of  polynomial  (7.2.11),  by  which  is  approximated  the  amplitude 
characteristic  of  the  second  amplifier,  at  its  output  will  be 
obtained  the  components  with  the  same  combination  frequencies  and 
phase  shifts,  as  at  the  input. 
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Thus,  due  to  the  linear  term  of  polynomial  at  the  output  of  the 
second  amplifier  will  be  obtained  the  components,  described  by 
expressions  (7,6.4)--(7.6.6). 

With  substitution  of  components  (7.6.6)  into  nonlinear  members 
of  polynomial  (quadratic,  cubic,  etc.)  at  output  we  will  obtain  more 
complicated  components  with  new  combination  frequencies,  which  were 
absent  in  (7.6.6).  However,  in  the  conformity  (//. 6.27),  the 
amplitudes  of  these  components,  with  a  small  nonlinearity  of 
characteristics,  will  be  small  and  therefore  they  can  be  disregarded. 
With  tne  substitution  into  the  nonlinear  members  of  the  polynomial  of 
components  (7.6.4)  and  (7.6.5)  at  the  output  of  the  second  amplifier 
we  will  obtain  the  following  products  of  nonlinear  distortions; 
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cos  (2Qa  /  -f  2<Po  +  <Pi2Jia) 
cos  {2Qct  +  2(Po  +  <{»i2Qc) 
cos(3Qa^  +  «i<Po-t-  <Pl3Qa) 
cos(3£2cH-  acpo+cpiaiie) 

pos  [(Pa  ±  Qf.)t  ((Pg  i  q)g)  +  (pj  (Pa  +  pg)] 
cos  |(2P,  ±  P:)  /  +  (2%  ±  <Pg)  +  (Pi  (2Pa  ±  £}g) j 
C0S{(2P.  ±  2p.)  i  i-  {2<Po  ±  2q>o)  +  (p^  (2Q,  ±  2p.)J 
cos[(3£2a  ±  2P:)  /  +  (3%  ±  2%)  +  (P,  (3Q,  ±  2Q,)I 

Taking  into  account  what  has  been  said  and  comparing  (7.6.7)  and 
(7.6.6),  it  is  possible  to  draw  conclusion  that  at  outpiu  of  second 
amplifier  will  not  coincide  in  phase  all  components,  except 
components  with  combination  frequencies  2P»— Pc  aJ'd  3Pa—2Pc. 
detailed  analysis  shows  that  at  the  output  of  element  with  the 
nonlinear  amplitude  characteristic  will  coincide  all  thosv*  to  the 
product  of  nonlinearity,  whose  algebraic  sum  of  coefficients  at  the 
component  frequencies  is  equal  to  one.  Thus,  for  example,  for  the 
components  given  above  we  have  respectively  following  algebraic  sums 
of  the  coefficients:  2-1=1;  3-2=1  •> 

In  accordance  with  this,  with  passage  of  oscillations  through 
elements  of  circuit  with  nonlinear  amplitude  characteristics  all 
products  of  nonlinearity  can  be  decomposed  into  two  groups:  products 
of  nonlinearity,  whose  phases  coincide  at  outputs  of  all  nonlinear 
elements,  called  products  first-order  nonlinearity,  and  second-order 
products,  which  include  all  remaining  products  of  nonlinearity. 
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Let  us  note  that  in  accordance  with  conclusion/output,  given  in 
examination  (7.6.7),  products  of  first-order  nonlinearity  can  be 
formed  only  by  members  of  polynomial  with  odd  degrees  higher  than 
first.  The  members  of  polynomial  with  even  degrees  will  create  the 
products  of  the  nonlinearity  on^y  of  second  kind. 

Page  210. 

When  amplifiers  do  not  introduce  phase  shifts,  but  phase 
response  of  coupling  links  is  linear,  addition  of  products  of 
first-order  nonlinearity  must  be  realized  on  voltage/stress,  i.e.,  in 
accordance  with  (7.6.2).  However,  if  the  components/1 inks,  the 
connectives  of  circuit  or  very  elements  of  circuit  in  the  range  of 
operating  frequencies  have  nonlinear  phase  responses,  the  add' t ion  of 
the  products  of  first-order  nonlinearity  must  be  realized  according 
to  the  intermediate  law  between  the  addition  according  to  the  power 
and  the  addition  on  the  voltage/stress.  On  the  basis  of  this 
a.xamination  it  is  possible  to  draw  the  conclusion  that  with  the 
divergence  of  phase  response  frv,m  the  linear  law  the  power  of  the 
products  of  first-order  nonlinearity  will  be  less  than  in  the 
presence  of  the  addition  of  components  on  the  voltage/stress.  This 
power  for  the  case,  when  all  elements  possess  identical  amplitude 
characteristics,  and  coupling  links  -  by  identical  phase  and 
frequency  characteristics,  it  can  be  approximately  determined 
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according  to  expression  [7,  16]: 

P,,  =  m*v*P,.  (7.6.8) 

Here  Pj,  -  total  power  of  products  of  first-order  nonlinearity, 
Pi  -  sum  of  pow'  r  of  separate  components  of  nonlinearity  of  first 
kind,  m  -  niamber  of  elements  or  components/links,  and  p  - 
coefficient,  which  with  quadratic  or  cubic  approximation  of  phase 
response  depending  on  value  of  total  phase  shift  'I’s  is  determined 
according  to  graph  in  Fig.  7.6.1.  Value  <?,  is  located  through  the 
expression: 

«Pi  =  '»<Pi.  (7.6.9) 

where  m  -  number  of  coupling  links  or  nonlinear  elements,  each  of 
which  introduces  identical  phase  shift  (pi. 
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Fig.  7.6.1.  Dependence  of  coefficient  v  on  total  phase  shift. 

Key;  (1).  Quadratic.  (2).  Cubic.  (3).  radian. 

Page  211. 

Value  of  phase  shift  cp^  with  known  phase  response  in  band  of 
group  spectriun  with  cut-off  frequencies  Px-F,  (or  respectively  R.-fi,) 
is  defined  as  follows:  through  point  of  phase  response,  which 
corresponds  to  middle  of  passband  (to  frequency  F„)  straight  line 
iz-z')  is  carried  out  in  such  a  way,  that  at  cut-off  frequencies  F^ 
and  Fj  segments  zx=z'x'  would  be  equal,  as  shown  in  Fig.  7.6.2. 

Let  us  note  that  according  to  (7.6.8)  with  1^=1  addition  of 
products  of  nonlinearity  is  realized  on  voltage/stress,  and  when 
p*=l/m  -  according  to  power.  Therefore  on  the  basis  of  graphs.  Fig. 
7.6.1^-it  is  possible  to  draw  the  conclusion  that  in  the  case,  when  a 
number  of  elements  and  components/1 inks  in  the  line  of  communications 
is  sufficiently  large,  then  even  with  the  low  values  oji  the  addition 
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of  the  products  of  nonli.iearity  will  approach  an  addition  in  the 
power.  With  a  small  nxjmber  of  components/1  inks  or  elements  so  that 
the  addition  of  the  products  of  first-order  nonlinearity  would 
approach  an  addition  in  the  power,  in  the  communication  system  with 
OBP,  apparently,  it  is  expedient  to  introduce  further  elements  with 
the  phase  shifts.  Let  us  note,  that  in  the  communication  systems 
through  ISZ  with  the  passage  by  the  electromagnetic  vibrations  of 
free  space  phase  shifts  it  will  be  variable  in  the  time,  that  it  is 
possible  to  lead  to  a  change  in  the  laws  of  addition  and, 
consequently  to  a  change  in  the  value  of  transient  noises  at  the 
output  of  channel. 

On  the  basis  of  given  examination,  counting  with 
approximation/approach,  that  all  products,  formed  by  terms  relate  to 
by  nonlinear  to  first-order  products,  on  the  basis  (7.6.8)  we  can 
record 

^M.6  =  (7.6. 10) 
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Fig.  7.6.2.  determination  of  <pi  from  phase  response. 
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Here  -  total  power  of  nonlinear  products,  formed  due  to 
members  of  polynomial  with  odd  degrees.  Substituting  in  this 
expression  of  value  P,  and  Pj  those  found  from  (7.2.33)  or  (7.2.35), 
let  us  find  the  value  of  noises  on  the  output  of  telephone  channel  at 
point  with  the  zero  relative  level 


I  24e®^cp  y,(X)  ^  +  I920e‘°'’cp  V  I 


(7.6.11) 


Taking  into  account  given  analysis,  which  relates  to  products  of 
nonlinearity  in  presence  of  phase  shifts,  it  is  possible  with 
sufficient  foundation  to  consider  that  products  of  second-order 
nonlinearity,  whose  phases  according  to  (7.6.6)  and  (7.6.7)  are 
changed  in  transit  through  elements  with  nonlinear  amplitude  of 
characteristics,  will  store/add  up  according  to  power. 
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Consequently,  it  is  possible  to  draw  conclusion  that  during 
transmission  OBP  power  of  products  of  nonlinearity,  determined  by 
members  of  polynomial  with  even  degrees,  is  located  as  follows: 

P«2.4  =  P»-I-P4.  (7-6-12) 


Substituting  in  this  expression  of  value  P^  and  P4  those  found 
from  (7.2.33),  we  will  obtain 


Ph2A  = 


"  y,  (?)  2  6"**“  +  192e®'’*p  y^  (?)  ^  .  (7.6.13) 

<-i  i-i 


Total  power  of  noises  at  output  of  telephone  channel  during 
transmission  OBP  will  be  determined  by  sum  of  thermal  noises  Pm  and 
by  power  of  nonlinear  products,  formed  due  to  members  of  polynomial 

with  even  and  odd  degrees,  i.e., 

?*  =  ?«+  P^A  +  /’h3.5.  (7-6.1 4) 

Here  value  Pm  is  determined  by  expression  (7.2.6)  or  (7.2.8), 
and  value  Pb3.s  and  Pbi>  -  respectively  by  expressions  (7.6.11)  and 
(7.6.13) . 


According  to  expression  (7.6.14)  can  be  solved  inverse  problem  - 
in  the  case,  if  value  p,  is  given  one,  after  taking  values  Put.  Paz.i  olwcI 
Pb2.5  ec[ual  to  some  values,  according  to  expressions  (7.2.6)  or 
(7.2.8),  (7.6.11)  and  (7.6.13)  it  is  possible  to  determine 
approximate  values  of  parameters  of  equipment.  It  is  obvious  that  if 
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between  the  amplifiers  will  be  included/switched  on  the  frequency 
converters,  which  realize  a  transposition  of  the  spectrum  for  the 
frequency,  equal  to  Q,.  then  can  be  obtained  the  expressions, 
analogous  (7.6.6)  and  (7.6.7),  but  distinguishing  in  the  arguments  to 
values  Qt.  This  will  lead  to  the  fact  that  the  components  of  nonlinear 
noises  in  the  sections,  divided  by  converters,  will  be  sximmarized  for 
the  power.  During  inverse  transformation  to  the  initial  group 
speccrxam  the  addition  of  noises  according  to  the  law  (7.6.14)  will 


occur. 
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Let  us  note  that  adopted  a::iSuinptions  can  be  examined  only  as 
first  approximation  and  require  supplementary  investigations. 

Transmission  with  MM  (ChM).  With  the  passage  through  the  circuit 
MM  (ChM)  of  signal  at  the  output  of  telephone  channel  will  be 
obtained  the  noise,  which  consist  of  the  following  three  basic  groups 
of  noises:  thermal  noises,  transient  noises,  determined  by  the 
nonlinearity  of  the  amplitude  characteristics  of  group  circuit  and 
transient  noises,  caused  by  the  nonlinearity  of  the  phase  responses 
of  those  elements  of  the  circuit,  through  which  are  passed  MM  (ChM) 
of  oscillation/vibration. 

Talcing  into  account  that  thermal  noises  and  transient  noises  of 
both  forms  random  processes,  independent  from  each  other,  they  will 
be  summarised  for  power  in  accordance  with  (7.6.1). 

Let  us  consider  question  about  addition  of  transient  noises, 
caused  by  nonlinearity  of  elements  of  group  circuit  and  by 
nonlinearity  of  elements  of  circuit  of  hf/VCh  and  PCh,  It  is  obvious 
that  the  total  quantity  of  the  power  of  the  noises,  caused  by  the 
nonlinearity  of  the  characteristics  of  the  group  amplifiers  and  other 
elements  of  group  circuit,  can  be  counted  according  to  the 
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expressions,  given  for  OBP. 


Addition  of  noises,  caused  by  nonlinearity  of  phase  responses  of 
circuit  PCh  and  shf/SVCh,  wil?  be  different  for  even  and  odd  degrees 
of  polynomial. 


# 


Nonlinear  noise,  determined  by  members  of  polynomial  of  even 
orders,  is  determined  by  assymetric  nature  of  characteristics  of 
group  time  lag.  This  assymetric  nature  is  not  identical  for  different 
elements  of  equipment  of  shf/SVCh  and  PCh.  Therefore  it  is  possible 
to  consider  the  addition  of  such  noises  according  to  the  power  as 
that  permitted. 


Passing  to  examination  of  noises,  caused  by  members  of 
polynomial  of  odd  order,  it  is  possible  to  draw  conclusion  that  in 
different  elements  of  circuit,  in  such  cases,  when  there  is  no 
compensation  for  nonuniformity  of  characteristics  of  group  time  lac, 
can  appear  identical  distortions  of  characteristics. 


In  this  case  transient  noise,  caused  by  nonlinearity  of  odd 
orders,  will  store/add  up  on  voltage/stress, 


In  such  cases,  when  in  circuit  PCh  or  shf/SVCh 


nonlinearity-correcting  circuits  of  phase  responses  are  utilized. 
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both  overcompensGtion  of  nonlinearity  and  its  undercompensation  can 
occur.  It  is  obvious  that  under  these  conditions  for  distortion  they 
will  carry  not  systematic  character  and  therefore  the  additior.  of  the 
nonlinear  noises  of  odd  order  can  be  conducted  according  to  the 
power . 


In  communication  systems  through  ISZ,  unconditionally,  elements 
of  correction  of  phase  responses  of  separate  amplifiers  PCh  and 
shf/SVCh  will  be  introduced.  From  the  aforesaid  it  follows  that  in 
such  systems  the  noises,  caused  by  the  nonlinearity  of  all  orders  in 
the  circuits  of  shf/SVCh  and  PCh,  to  admissibly  summarize  by  the 
power. 

Page  214. 

Transmission  with  KHM  (KIM).  In  the  case  KIM  total  noise  at  the 


output  of  telephone  channel  is  determined  by  thermal  noises  and 
quantization  noises.  Taking  into  account  the  statistical  independence 
of  these  noises,  it  is  possible  to  draw  the  conclusion  that  the 
addition  of  them  must  be  realized  according  to  the  power. 
Consequently,  for  this  case  Pj  =Pma+Fui.K». 


Here  power  of  thermal  noises  can  be  determined  according  to 
expressions  (7.4.1)-(7.4.4)  for  two  sections  of  line  of 
communications  in  the  absence  of  pulse  regeneration  on  board  or  for 
one  section,  if  pulse  regeneration  is  realized.  The  power  of 
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quantization  noises  is  determined  according  to  expression  (7.4.10). 

7.7.  Comparison  of  different  methods  of  the  transmission  of  telephone 
signals  according  to  the  energy  indices. 

In  order  to  have  representation  about  fundamental  energy 
relationships/raiios,  inherent  in  different  methods  of  transmission 
of  telephone  signals,  let  us  lead  calculation  of  power  of  onboard  and 
terrestrial  transmitters  with  values  of  parameters,  given  in  Table 

7.7.1. 

Let  us  note  that  computed  values  accepted  in  table  of 
amplification  of  onboard  antennas  must  be  less  than  their  maximiam 
amplification  due  to  inaccuracy  in  orientation  relative  to  direction 
to  terrestrial  stations. 

Weakening  signal  with  passage  from  that  transmitting  to 
receiving  antenna  can  be  found  from  expression  (3.2.5).  During 
calculations  let  us  take  the  worst  case  -  sediments/residues  with  an 
intensity  of  1  mm/h  occur  on  both  terrestrial  points/items.  Then  from 
the  graph/ curve  Pig.  3.2.5  we  find  losses  due  to  wet  protective  hood 
of  antenna  Box  =2.0  dB.  According  to  Pig.  3.2.3  we  have;  at  the 
frequency  of  4  GHz  value  6oaG.C"*  dB/km,  and  at  the  frequency  of  6  GHz 
-  6o=62*10'’  dB/km.  During  calculations  we  will  count  the  thickness  of 


DOC  =  86120414 


PAGE 


IB 


rain  clouds  /=3  km.  un  curved  A,  given  in  fig.  3.2.1,  at  the 
frequency  of  4  GHz  we  will  obtain  (90)  =0,03  dB,  and  at  the 
frequency  of  6  GHz  —  (90)=0.035  dB.  From  Table  3.2.1  for  the  angle 

of  elevation  of  /3=10®  we  find  o£=5.5.  Keeping  in  mind  the  enumerated 
values  after  their  substitution  into  expression  (3.2.5)  and 
computations,  we  will  obtain: 

-  weakening  signal  in  the  section  satellite  -  Earth 

B«-l99dB;  (7.7.1) 


-  weakening  signal  in  the  section  the  Earth  -  the  satellite 


202.5  dB. 


(7.7.2) 
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Page  215. 
Table  7.7.1. 


M 

[UpimeTp 

1 

Bucora  cnyruuKa  HaA  nouepxHOCTbia  3eMaH 

//  =  36  000  KM 

2 

Vron  BosBiiiuieHHfl 

P=10' 

3 

npOTfflKeHHOcTb  yqacTKa  cnyruHK— SeMviH  Haa  3eM- 
aa— cnyTHHK  npa  p  =  10"  b  cooTaercraHH  c  (2.2.4) 

1 

L  =  4Qm  KM 

4 

Ma^rora  KoaeOaHuA  (Annua  Banuu)  ua  yuacrxe 
Seiuiu— cnyTHHK 

600C  Mzi(  {5,0  cm) 

5 

MacTora  KoaeOamiA  (Anuua  eoauu)  ua  ynacTue 

cnyruHK— SeMAfl 

4000  Ala?  (7.5  cm) 

6 

iluaMerp  seMHUX  aureHu 

25  M 

7 

MaxcHMaabHoe  ycuaeuMc  scmhoA  nep8AaK>iueA  aureH- 
uu 

61 

8 

MaxcHMaabHoe  ycxaeKue  aeMuoA  npueMuoA  aHieuHU 

58  dd  ^ 

9 

PacuerrHoe  ycHaeuue  6opit>BaA  nepeAaxiiueA  aureHUbi 

14  8d  ® 

10 

PacwcTHoe  ycuaeuue  OoprOBoA  npxeMHoA  axreHHbi 

17  85  Qy 

11 

Kba  4)HAepoB  nepsAaruuKOB 

'l<t>n0  ”  ’npn  —0'^ 

12 

Kba  4>«Aepa  aeuHoro  npueMHUxa 

13 

Kba  ^HAepa  OoprOBoro  Bpae-MHUxa 

14 

Tlorepu  b  OopioBbix  iJiHabTpax  npucMa  u  nepeAaHB 

15 

norepu  B  aeMHbix  4)KabTpax  npuena  u  nepcAanx 

«'<Pn  =  «'q.np==0.1  86® 

16 

norepii  SB  cuer  saaKniHiHOcTH  noaapuaauuH 

—  OTcyTCTByiOT  0 

17 

UlyMosan  TeuBeparypa  seMUoro  BpueMHXxa 

T  =  50-  K 

18 

UlyMOBau  TBMBepaTypa  (Soproaoro  npueutuaca 

r  =  700°K 

19 

CyuMapHoe  sHauetiHe  BcatnuerpHiecxH  aaBeiueHuofi 
MOIAKOCTH  uiyxoB  Ha  BbixoAe  aK>Ooro  Teae(J>OHHoro  xa- 
uaaa  b  Touxe  c  uyaeBbim  OTHocuTeabUbiM  ypooueu  npu  j 
ycpeAiieuKK  aa  uac 

10000  nsm^\^ 

20 

Ha  HHX  -reBaoBbie  luyMu  na  yuacTKe  cnyrHux — Sen- 

6000  nam 

Afl 

21 

Ha  HHX  TeBaoBhie  uiyMU  ua  yuacrxe  SeMau— cnyr- 
HHK 

1000  nem  ({^ 

22 

Ha  HHX  TenaoBUe  uiyMu  b  cayuae  KHM  c  pereuepa* 

mieA  HMByabcoB  ua  cByTUHxe  ua  yqacrxe  cnyrHux— 
Seuafl  HAH  3euafl— cnynmx 

9000  nem^^) 

23 

HHcao  KauaaoB 

o 

s 

II 

24 

CpeAHfie  auaqeHHe  moiahocth  MHoroxauaabHoro  cHr> 
uaaa  b  cooTBercTBHH  c  (6.2.4) 

/ 

'pjp=  12,8  86a<  (18  Mem}(> 
■A  =  13  56® 

25 

riHX^iaxTop  MHoroxaHaabuoro  cxrKaaa  (puc.  6.2.5) 

26 

MacTOia  BepxHero  xanaaa 

Pa  =  2540  KOtOiU) 

27  1 

Bbunpuiu  B  BepxHCM  xaiiaae  aa  cuer  npeAUCKaixeKHA 

y/  ^3 
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Key;  (a).  No  pp.  (b) .  Parametex*.  (c).  Value.  (1).  Height/altitude  of 
satellite  above  surface  of  Earth.  (2).  Angle  of  elevation.  (3). 

Extent  of  section  satellite  -  Earth  or  Earth  -  satellite  at  j3=10®  in 
accordance  with  (2.2.4).  (4).  Frequency  (wavelength)  in  section  Earth 
-  satellite.  (4a).  MKz.  (5).  Frequency  (wavelength)  in  section 
satellite  -  Earth.  (6).  Diameter  of  terrestrial  antennas.  (7). 

Maximum  amplification  terrestrial  of  transmitting  antenna.  (7a).  dB. 
(8).  Maximxxm  amplification  of  terrestrial  receiving  antenna.  (9). 
Calculated  amplification  of  onboard  transmitting  antenna.  (10). 
Calculated  amplification  of  onboard  receiving  antenna,  (11). 
Efficiency  of  feeders  of  transmitters.  (12).  Efficiency  of  feeder  of 
terrestrial  receiver.  (13).  Efficiency  of  feeder  of  onboard  receiver. 
(14).  Losses  in  onboard  filters  of  reception  and  transmission.  (15). 
Losses  in  ground  filters  of  reception  and  transmission,  (16).  Losses 
due  to  ellipticity  of  polarization.  (16a).  they  are  absent.  (17). 
Noise  temperature  of  terrestrial  receiver.  (18).  Noise  temperature  of 
onboard  receiver.  (19).  Total  value  of  psophometrically  weighted 
power  of  noises  at  output  of  any  telephone  channel  at  point  with  zero 
relative  level  with  averaging  per  hour.  (19a).  pW.  (20).  From  them 
thermal  noises  in  section  satellite  -  Earth.  (21),  From  them  thermal 
noises  in  section  Earth  -  satellite.  (22).  From  them  thermal  noises 
in  the  case  KIM  with  pulse  regeneration  on  satellite  in  section 
satellite  -  Earth  or  Earth  -  satellite.  (23).  Ntomber  of  channels. 
(24),  Average/mean  power  coefficient  of  multichannel  signal  in 
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accordance  with  (6.2.4),  (24a).  dbm.  (24b).  mW.  (25).  Peak  factor  of 
multichannel  signal  (Fig.  6.2.5).  (26).  Frequency  of  utper  channel. 
(26a).  kHz.  (27).  Gain  in  upper  channel  due  to  predistortions. 

Page  216. 

Total  weakening  of  signal  between  transmitter  and  receiver  :or 
each  section  of  connect ion/communi cat  ion  can  be  obtained  on  the  basis 
of  expression  (3.1.4).  Taking  ^nto  account  data  of  Table  7.7.1.  and 
the  preceding/previous  expressions,  we  find  the  total  v;eakenings  of 
the  sections  of  the  connect ion/communi cat  ion: 

-  for  the  section  satellite  -  Earth 


129.3  dB;  (7.7.3) 

-  for  the  section  the  Earth  -  the  satellite 


«  127,8  dB;  (7.7.4) 

-  without  protective  hood  of  weakening  will  comprise: 


127.2 

dB 

(5-3*10"’ 

once) ; 

(7.7.5) 

-  125.7 

dB 

(3*7»10^* 

once) ; 

(7.7.6) 

let  us  pass  to  the  calculation  of  the  total  noise  temperature  of 


receivers.  The  noise  temperature  of  filters  can  be  found  after  the 
determination  of  transmission  factor.  It  is  obvious  that  the 
transmission  factor  M  and  weakening  b  filters  are  connected  with 
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relationship/ratio  b=l/M.  Therefore  in  accordance  with  (4.2.23)  and 
the  data  of  fable  7.7.1  we  will  obtain: 

-  the  noise  temperature  of  the  onboard  filters 

-  IS^K;  (7.7.7) 

-  the  noise  temperature  of  the  filters  of  the  terrestrial 
equipment 

7*4,  -  9°K.  (7.7.8) 

Noise  temperature  of  feeders  can  be  designed  analogously.  The 
noise  temperature,  created  by  protective  hood  of  the  antenna  of 
ground-based  receiver,  can  be  determined  according  to  the 
graphs/curves,  given  in  Fig.  4.4.2.  Assuming/setting  x=0J  mm,  we 
will  obtain 

T-fc  -  30°K.  (7.7.9) 

Temperature,  caused  by  co.'^mic  noises  at  frequencies  of  4  kHz  and 
6  GHz,  in  accordance  with  Fig.  4.3.2,  comprises  less  than  1°K  and  can 
be  disregarded.  The  temperature  of  the  atmosphere  at  these 
frequencies  according  to  Fig.  4.3.2  at  /S^IO"  will  comprise 

r.-15"K.  (7.7.10) 

During  calculation  of  temperature  of  onboard  receiver  we  will 
consider  that  temperature  of  Earth  comprises 

7',  =  290‘’K.  (7.7.11) 

Page  217. 

Since  working  amplification  of  oaboard  receiving  antenna  is  17 
dB  (50  times),  we  v;ili  consider  that  maximum  amplification  is  19  dB  ,||| 
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\80  times);  then  according  to  (3.3.16)  width  of  radiation  pattern 
according  to  half  power  will  be 

e  «  |/2^  18°.  {7  7.12) 

Taking  into  account  that  according  to  Fig.  2.2.2  angle,  at  which 
Earth  is  visible  from  satellite 

2y=17°.  (7.7.13) 

in  accordance  with  (4,3.14)  after  transition/ junction  to  solid  angle.s 
let  us  find  that  noise  temperature  of  Earth,  in  reference  to  antenna 
of  satellite,  will  comprise 

T,=  186X  (7.7.14) 

Keeping  in  mind  given  values  and  data  of  Table  7.7.1,  according 
to  (4.1.1)  iet  us  find  total  noise  of  temperatures,  in  reference  to 
input  of  receivers. 

For  terrestrial  receiver  with  protective  hood 

Tj,  =  134%  <7.7.15) 

For  terrestrial  receiver  without  protective  hood 

as  100%  {7.7.16V 

For  onboard  receiver 

r„sl000%  (7.7.17) 

Comparing  (7.7.3)  with  (7.7.5)  and  (7.7.15)  with  (7.7.16),  it  is 
possible  to  see  that  installation  of  radome  will  lead  to  considerable 
increases  in  power  of  onboard  transmitter.  Therefore  svibsequentli'  let 
us  take,  that  protective  hood  is  absent. 
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Calculation  with  OBIl  (OBP),  can  be  carried  out  in  accordance 
with  expression  (7,. 2. 9).  Substituting  in  this  expression  of  the 
values,  determined  by  Table  7.7.1  and  expressions  (7.7.5)  and 
(7.7.6),  (7.7.16)  and  (7.7.17)  we  will  obtain; 

P«5=?40  W,  (7.7.18) 

=  1700  W,  (7.7.19) 

The  peak  values  of  the  power  of  transmitter  according  to 
(7. 2.10)  and  Fig.  6.2.5  with  6=0.001  must  be; 

7*ptoK  =  400  W,  (7.7.20) 

/^n««=I7  kW.  (7.7.21) 

Bandwidth,  necessary  for  transmission  of  600  telephone 
conversations,  is  determined  from  Table  6.2.1  and  is 

Af=  2480  kHz.  (7.7.22>- 

Page  218. 

Calculation  with  HM  (ChM)  can  be  carried  out  according  to 
expression  (7.3.5).  During  calculations  should  be  utilized  Fig.  7.3.6 
and  data,  given  in  Table  7.7.1,  and  expression  (7,7.5),  (7.7.6), 
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(7.7.16)  and  (7.7.17).  In  the  case  of  predistortions  (equal  to  3  dB 
for  upper  telephone  channel)  and  in  the  absence  of  negative  feedback, 
the  power  of  onboard  transmicter  must  be  not  less 

W.  (7.7.23) 

During  application  of  negative  feedback  in  frequency  in 
accordance  with  (5.3.29)  supplementary  gain  is  obtained.  Therefore 
the  power  of  onboard  transmitter  can  be  lowered  to  the  value 

Prtj  =  6  W.  (7.7.24) 

Power  of  terrestrial  transmitter 

P„,=  1200  W.  (7.7.25) 

In  the  case  of  applying  OSCh  this  power  can  be  lowered  to  450  W. 

Bandwidth,  occupied  by  transmission  of  600  telephone 
conversations  in  designed  parameters  of  systems,  is  determined 
according  to  Fig.  7.3.6  and  expression  (7.3.7); 

A/ =  40  MHz.  (7.7.26) 

Utilizing  obtained  values,  one  should  ascertain  that  relation  of 
power  of  signal  and  noise  exceeds  threshold  value. 


Calculation  with  KHM  (KIM)  is  performed  accordingly  expressions 
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{7.4.1)-(7.4.4).  With  N=600  and  a  number  of  pulses/momenta  in  word 
n=5  width  of  band 

A/ =50  MHz.  (7.7.27) 

For  case,  when  pulse  regeneration  on  satellite  is  not  used,  in 
accordance  with  expressions  indicated  during  use  of  data  of  Table 
7.7.1  and  dotted  curves.  Fig.  7.4.2,  let  us  find: 
with  KIM- AM 

P.^=18  W, 

P„  =  200  W; 

with  KIM-FM 

Poo  =  9.5  W,  (7-7.30) 

Po,=  U5  W;  (7.7.31) 

Page  219. 

Calculations  related  to  case,  when  KIM  is  realized  by  signals  of 
subscribers,  i.e.,  successive  transmission  of  signals  of  subscribers 
is  utilized.  During  the  use  of  equipment  for  the  frequency  division 
multiplex  of  channels  with  the  suibsequent  conversion  of  the  group 
specurum  in  KIM,  in  accordance  with  expressions  (6.4.3)  and  (6.4.5), 
occurs  an  increase  of  the  frequency  oand  1.05  times.  Consequently, 
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vrith  this  method  of  construction  of  equipment  for  multiplexing  1.05 
tir.icS  the  power  of  each  transmitter  will  increase. 

It  must  be  noted  that  application  of  pulse  regeneration  on  board 
satellite  will  lead  to  reduction  in  power  of  transmitters,  which  will 
be  more  considerable  for  terrestrial  transmitter,  since  according  to 
Table  7.7.1  power  capacity  of  noises  in  section  Earth  -  satellite  in 
pulse  regeneration  can  be  considerably  increased. 

Calculations,  given  in  accordance  with  data  of  Table  7.7,1  show 
that  in  pulse  regeneration  in  the  case  toKIM-AHthey  will  be  required 
powers 

W, 

P„,  =  85  W. 

Comparison  of  these  values  with  values,  determined  (7.7.28)  and 
(7.7.29),  shows  that  introduction  of  very  complicated  installed 
equipment,  which  ensures  pulse  regeneration  on  satellite,  does  not 
lead  to  considerable  reduction  in  power  of  transmitters. 

Conclusions/outputs.  On  the  basis  of  the  comparison  of  the  power 
of  the  onboard  and  terrestrial  transmitters,  designed  for  different 
cases  of  modulation  of  oscillations,  it  is  possible  to  do  the 
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following  conclusions: 

Vith  ChM  and  KIM-AM  are  necessary  the  approximately  identical 
frequency  bands,  and  the  power  of  onboard  transmitters  in  the  case 
KIM  prove  to  be  somewhat  greater.  During  the  use  KIM  and  the 
successive  transmission  of  telephone  conversations  is  required  the 
somewhat  smaller  power  of  transmitters,  than  in  the  case  of  the 
preliminary  frequency  division  multiplex  of  telephone  channels. 
However,  this  change  in  the  power  of  transmitters  is  so  unessential 
(approximately  1.05  times),  that  there  must  not  be  determining. 

Application  of  OBP  with  frequency  division  multiplex  of 
telephone  channels  leads  to  essential  reduction  of  required  band  of 
frequencies  (more  than  ten  times).  However,  in  this  case  are 
necessary  considerably  more  powerful  transmitters  than  in  the  case 
ChM  or  KIM.  It  is  necessary  to  also  have  in  mind  that  in  the  case  OBP 
the  transmitters  must  have  very  large  linearity  of  amplitude 
characteristic;  this  will  lead  to  a  considerable  increase  in  the 
rating  of  tubes  and  their  poor  use.  Therefore  the  application  of  OBP 
is  expedient  only  in  the  section  the  Earth  -  satellite  and  only  in 
such  cases,  when  the  sharp  reduction  of  the  occupied  frequency  band 
is  the  decisive  factor. 

Page  220. 
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7.8.  Effect  of  the  Doppler  effect. 

In  Section  3.5  it  was  noted  that  in  the  various  forms  of 
modulation  Doppler  effect  will  lead  to  change  not  only  in  carrier 
frequency  adopted,  but  also  change  in  frequencies  of  transmitted 
signal  (to  strain  of  spectrum  of  signal)  in  l+v/c#  times. 
Consequently,  at  the  output  of  detector  frequency  shift  F,  which  is 
located  in  the  group  spectrum  with  cut-off  frequencies  of  Fj  and  F* 
(Fx^F^F,),  will  comprise 

d=.F-^.  (7.8.1) 

Since  for  normal  work  of  equipment  for  frequency  division 
multiplexing  frequency  spread  at  points  of  transmission  and  reception 
must  not  exceed  2  Hz,  in  accordance  with  (7.8.1),  we  will  obtain 
condition,  which  determines  maximum  frequency  of  group  spectrum 

F,<2.0.10»  Hz.  (7.8.2) 

Thus,  Doppler  effect  will  unavoidably  impose  specific 
limitations  on  number  of  transmitted  channels  during  construction  of 
equipment  of  multiplexing  accepted.  At  the  same  time  the  Doppler 
effect  will  limit  the  possibilities  of  the  secondary  multiplexing  of 
telephone  channels  by  telegraph  and  phototelegraphic  signals. 


For  correction  of  change  in  frequencies,  caused  by  Doppler 
effect,  introduction  to  automatic  frequency  correction  of  generator 
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equipment,  utilized  in  equipment  for  frequency  division  multiplex,  is 
possible.  However,  this  path  requires  the  considerable 
treatment/processing  of  the  existing  equipment. 

Another  possible  method  of  frequency  drift  compensation  consists 
in  the  fact  that  at  terrestrial  stations  in  circuit  of  signal 
device/equipment  with  adjustable  time  lag  switched  on.  The 
corresponding  adjustment  of  time  lag  can  be  carried  out  per  program, 
which  considers  changes  in  the  coordinates  of  satellite,  or  automatic 
on  the  pilot  signal,  transmitted  from  the  terrestrial  station  to  the 
satellite  and  back. 


Let  us  note  that  in  communication  systems  with  use  of  stationary 
ISZ  Doppler  effect  is  absent.  In  connection  with  this  in  the  systems 
with  stationary  ISZ  is  simplified  equipment  and  the  operation. 

Page  221. 


7.9.  Effect  of  time  lag  and  echo  signals. 


Large  extent  of  line  of  communications  between  terrestrial 
stations  and  repeater,  which  is  located  on  board  ISZ,  leads  to  delay 
(time  lag)  of  signals,  since  for  passage  of  distance  L(m)  to  signal 
is  required  time 


0* 


(7.9.1) 
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where  Co=3»10*  m/s  -  speed  of  light,  and  H  -  distance  from  satellite 
to  surface  of  Earth.  Hence  follows  that  during  the  motion  of 
satellite  along  the  orbits  with  a  height/altitude  of  36000  km,  and 
consequently,  and  in  the  case  of  stationary  satellite,  the  value  of 
time  lag  will  be  about  250  ms.  With  the  duplex  telephone 
conversations  signal  lag  leads  to  the  appearance  of  the  forced  pauses 
in  the  conversation  between  the  subscribers,  impedes  the  supply  of 
replicas  and  questions,  which  breaks  the  naturalness  of  the 
conversation  of  subscribers.  In  connection  with  this  MKKTT  [MKKTT  - 
International  Telegraph  and  Telephone  Consultative  Committee]  he 
recommends  so  that  the  maximum  time  lag  of  signal  (group  time  of  the 
emission  of  the  signal)  would  not  exceed  250  ms. 

On  extended  lines  of  communications  at  the  same  time  will  occur 
time  lag  of  echo-signals,  which  can  arise  upon  transfer  from 
four-wire  circuits  to  twin-lead  (see  Fig.  1.1.5). 

Echo-signals  will  be  developed  in  the  form  of  crosstalk  by 
subscriber  of  their  conversation  (signal),  delayed  to  period  equal 
to  doubled  time  of  emission  of  the  signal  between  subscribers.  Thus, 
taking  into  account  (7.9.1) 
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Consequently,  in  the  case  of  communication  systems,  which  use 
satellites,  which  move  along  orbits  with  height/altitude  about  36000 
km,  or  stationary  satellites  value  4^500  nis.  With  the  long  time  lag 
the  echo-signals  become  perceptible  and  they  interfere  with  the  calls 
between  the  subscribers. 

Results  of  investigations  of  the  distinctness  of  echo  signals, 
carried  out  for  Japanese  speech  by  method  of  si^bjective-statistical 
appraisal/review,  are  given  in  Fig.  7.9.1  [7.15].  The  curve  A 
determines  the  relationship/ratio  between  the  delay  time  and  this 
average/mean  attenuation  of  echo-signal  with  respect  to  the 
fundamental  signal,  with  which  the  echo  is  noticeable,  curve  B 
corresponds  to  the  attenuation,  with  which  echo  level  is  permitted. 
The  shaded  zones  determine  the  spread  of  readings/indications  of 
subjective  appraisal/review.  Using  curve  B,  taking  into  account  the 
scatter  of  readings/indications,  it  is  possible  to  determine  the 
necessary  value  of  the  average/mean  attenuation  of  echo-signals 
(dB)  on  the  line  of  communications. 

For  communication  system,  which  uses  stationary  ISZ,  in 
accordance  with  Fig.  7.9.1,  it  is  necessary  to  ensure  attenuation  of 
echo-signals  to  value,  equal  to  approximately  60  dB. 


i 
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With  work  of  communication  systems,  which  use  moving/driving 
ISZ,  it  will  have  value  of  inconstancy  of  time  lag. 

Page  222. 

For  combatting  echo-signals  in  subscribers  echo  suppressors, 
which  for  echo-signals  introduce  necessary  attenuation,  must  be 
established/installed.  According  to  the  operating  principle  the  echo 
suppressors  can  be  decomposed  into  two  groups:  momentary  effect  and 
constant  action.  The  specific  attenuation  in  the  very  short  period 
introduces  the  echo  suppressor  of  momentary  effect  into  return 
circuit  of  signal.  The  echo  suppressor  of  constant  action  introduces 
into  return  circuit  of  signal  the  attenuation,  which  gradually 
increases  from  zero  and  which  reaches  or  exceeds  the  value, 
sufficient  for  the  suppression  of  echo-signal. 


Schematic  of  echo  suppressor  of  momentary  effect  is  shown  in 
Fig.  7.9.2.  From  the  diagram  it  follows  that  the  echo  suppressor 
consists  of  the  amplifier  y,  connected  in  parallel  to  the  circuit  of 
reception/procedure,  and  the  flip-flop  circuit  Onp  (Opr),  during 
functioning  of  which  into  the  circuit  of  transmission  is  introduced 
attenuation  b.  In  the  absence  of  speaking  currents  the  circuit  of 
transmission  is  connected  to  the  differential  system  without  the 
supplementary  attenuation.  Amplifier  .V  is  regulated  so,  in  order  to 
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in  the  absence  of  speaking  currents  the  trap/barrier  did  not  operate 
from  noises  in  the  circuit  of  reception/procedure,  but  it  would 
operate/wear  only  from  the  speech  input  currents  of  amplifier  y. 


SBmjfxOHue 
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Fig.  7.9.1.  Necessary  weakening  of  echo-signals  depending  on  time 


lag. 

Keys  (1).  Echo  attenuation,...  dB.  (2).  Time  lag,  ms. 


Fig.  7.9.2.  Schematic  of  echo  suppressor. 

Key:  (1).  Transmission.  (2).  Threshold-  6 dB.  (3).  Reception. 

Page  223. 

Essential  deficiency  in  this  echo  suppressor  -  false  response 
with  increase  in  noise  level  in  receiving  circuit.  An  increase  in  the 
protection  from  bag  with  reduction  in  the  sensitivity  of 
trap/barrier,  leads  to  decrease  in  the  articulation,  since  are  caused 
the  cutting  of  separate  sounds  or  "swallowing"  of  sounds  and 
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syllables. 

Somewhat  best  schematic  of  ecN'  suppressor  is  shown  in  Fig. 

7.9.3.  In  this  diagram,  in  the  sb.sencc  of  speaking  currencs  the 
circuit  of  reception/prccf dure  is  included/sw itched  on,  and  the 
circuit  of  transmission  is  included/switched  or.  Upon  the  appearance 
of  speaking  currents  of  this  subscriber  the  flip-flop  circuit 
includes  the  circuit  of  transmission  and  turns  of f/disconnects  the 
circuit  of  reception/procedure,  in  this  case,  sit.ce  in  the  circuit  of 
transmission  the  noise  level  is  less  than  in  the  circuit  of 
reception/procedure,  this  diagiam  possesses  the  best  protection  from 
the  noise,  than  preceding/previous. 

Deficiency  in  diagram  in  Fig.  7.9.3  in  the  fact  thex;  speaking 
currents  from  circuit  of  reception/procedure  through  differential 
system  can  fall  into  circuit  of  transmission.  This  can  cause 
functioning  of  trap/barrier  and  lead  to  a  break  in  the  circuit  of 
reception,  i.e.,  to  interruption  of  conversation.  This  phenomenon  due 
to  the  large  dynamic  range  of  speech  can  be  repeated  periodically  and 
is  called  the  phenomenon  of  "flutter".  For  eliminating  "flutter"  are 
utilized  the  more  compound  circuits  of  echo  suppressors,  which 
include  the  elements  of  blocking. 


Are  interesting  echo  suppressors  with  use  of  distinguishing 
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device/equipment  (py),  which  makes  it  possible  to  distinguish  voice 
signals  and  noises.  The  construction  of  echo  suppressors  PY  is  shown 
in  Fig.  7.9.4.  In  this  diagram  the  distinguishing  device/equipment 
operates/wears  only  from  the  speaking  currents  and  does  not  react  to 
the  noises.  In  the  presence  in  circuit  of  the  reception/procedure  of 
speaking  currents  with  the  help  of  PY  and  the  controlled  amplifier  YY 
the  circuit  of  transmission  is  cut  off.  Let  us  note  that  in  this 
schematic  of  echo  suppressors  the  interruption  of  subscriber  (supply 
of  replicas)  is  feasible  only  in  the  pauses  between  the  words  of  that 
speaking,  if  these  pauses  exceed  approximately  100  ms.  This  diagram 
does  not  allow/asstme  simultaneous  contrary  conversation. 

Let  us  pause  at  principle  of  operation  PY.  It  is  based  on  what 
if  the  spectrum  of  voice  signal  is  divided  into  m  of  equal  frequency 
bands,  then  the  instantaneous  power  of  voice  signal,  at  least,  in  two 
of  these  bands  are  not  equal  to  each  other,  since  the  spectral 
density  of  speech  is  not  identical.  On  the  contrary,  fluctuation 
noise  has  uniform  spectral  density;  therefore  the  power  of 
fluctuation  noise  in  the  equal  frequency  bands  will  be  identical. 


Fig.  7.9.3.  Schematic  of  improved  echo  suppressor. 
Key;  (1).  Transmission.  (2).  Threshold- dB.  (3). 
Reception/procedure . 


Pig.  7.9.4.  Schematic  of  echo  suppressor  with  distinguishing 
dev ice/ equipment. 

Key;  (1).  Transmission.  (2).  Reception. 
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Thus,  after  dividing  oscillation  spectrmn  by  filters  on  several 
identical  frequency  bands  and  after  comparing  between  themselves 
output  potentials  of  square  law  detectors,  switched  on  after  these 
filters,  it  is  possible  to  distinguish  voice  signals  from  fluctuation 
noises. 

Principles  of  construction  of  echo  suppressors  examined  make  it 
possible  to  formulate  following  requirements  for  them; 
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-  subscribers  must  not  note  work  of  echo  suppressor, 

-  sensitivity  of  echo  suppressor  must  be  such  that  would  not  cut 
themselves  beginnings  of  syllables  and  not  "were  swallowed"  separate 
sounds  and  syllables, 

-  echo  suppressors  must  not  operate/wear  from  noises. 

7.10.  Switching  satellites. 

^  In  systems,  which  use  moving/driving  ISZ  for  guaranteeing  long 
continuous  bond,  it  is  necessary  to  realize  switching  antennas  of 
ground  stations  from  one  communication  satellite  to  another,  which  is 
clarified  by  Fig.  1.1.3.  One  should  note  that  at  the  moment  of 
switching  an  abrupt  change  of  the  value  of  signal  lag  in  the  time  can 
occur,  since  the  extent  of  routes  with  the  work  through  different 
satellites  can  prove  to  be  different. 

Calculations  show  that  disagreement  in  time  lag  will  hardly 
exceed  40  ms  in  limits  of  sufficiently  wide  altitude  range  of  orbits. 

Disagreement  in  time  lag  to  20  ms  must  not  cause 
disturbances/breakdowns  during  transmission  of  telephone 
conversations,  since  these  switi~’iings  are  sufficiently  rare.  However, 
in  the  case  of  the  secondary  multiplexing  of  telephone  channel  by  the 
telegraph  signals  of  switching  they  will  lead  to  the  errors.  With  the 
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work  of  wirephoto  the  disagreement  in  the  time  lag  in  20  ms  will 
cause  considerable  distortions. 


Aforesaid  pertains  to  communication  systems,  which  use  frequency 
division  multiplex  of  channels  and  ChM.  During  the  transmission  of 
television  program  the  disagreement  in  the  time  can  lead  to  the 
disruption/separation  of  synchronization  and,  consequently,  to  tho 
disturbances/breakdowns  of  transmission.  The  disturbances/breakdowns 
of  transmission  and  appearance  of  errors  during  the  switching  it  will 
occur  in  the  case  of  applying  KIM. 


Let  us  note  that  disagreement  in  time  can  be  compensated  by 
special  devices/equipment,  which  control  time  lag  in  circuit i  These 
'devices/equipment  must  be  included  in  the  circuit  of  the 
reception/procedure  of  terrestrial  station. 

Page  225. 
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Chapter  8. 

TRANSMISSION  OF  TV  SIGNALS  OVER  COMMUNICATION  LINKS. 

8.1.  Electrical  characteristics  of  channels. 

Electrical  characteristics  and  norms,  establiched/instelled  for 
communication  channels,  by  which  must  be  transmitted  video  signals, 
are  determined  by  recommendations  of  MKKR  [International  Radio 
Consultative  Committee].  As  the  hypothetical  standard  circuit  during 
the  transmission  of  the  signals  of  black  and  white  television  through 
ISZ  was  accepted  the  communications  link  Earth-satellite-Earth  (see 
Fig.  7.1.1,  [8.1,  8.2]).  which  includes  one  pair  of  modulators  and 
demodulators . 

In  connection  with  the  fact  that  expenditures  for  installation 
and  operation  of  communication  systems  through  ISZ  depend 
substantially  on  necessary  band  of  video  spectrum,  in  recommendations 
of  MKKR  nominal  upper  limit  of  band  of  video  signal  is 
established/installed  equal  to  F2=5  MHz  to  the  same  value  of  5  MHz  it 
is  accepted  equal  equivalent  noise  bandwidth. 

One  should  note  that  corrected  value  of  width  of  band  of  video 
spectrum  relates  to  transmission  of  signals  of  black  and  white  image. 
Width  of  video  spectriom,  necessary  for  transmission  of  colored  of 
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television  of  image,  in  recommendations  of  MKKR  has  not  yet  been 
determined.  In  this  connection  it  is  possible  to  note  that  during  the 
transmission  of  colored  television  image  along  the  system  SEKAM-3 
between  Moscow  and  Paris  through  the  communication  satellite  Molniya-1 
was  obtained  the  completely  satisfactory  quality  of  colored 
transmissions,  ‘rhe  band  of  the  video  frequencies,  transmitted  through 
IS2  Molniya-1  in  the  regime/conditions  of  television  it  was 
effectively  5  MHz  (see  Section  10.5  and  11.3  and  Table  11.4.1). 

Taking  into  account  that  norm  to  signal-to-noise  ratio  in 
intercontinental  airlines  of  communications  through  IS2  must  be 
compared  with  analogous  norm,  accepted  for  svatched  continental 
circuits  of  MKKR,  it  was  recommended; 

-  ^tio  of  signal  to  continuous  fluctuation  weighed  noise  at 
output  of  standard  hypothetical  circuit  must  comprise,  at  least,  55  dB 
for  99%  of  time. 

Page  227. 

In  this  case  ratio  of  signal  to  continuous  fluctuation  noise  is 
defined  as  ratio  (in  dB)  of  spread/scope  of  picture  signal  without 
synchronizing  pu.'.ses  to  effective  noise  voltage  in  band  from  10  kHz  to 
upper  nominal  band  edge  of  video  frequencies  F,.  The  limitation  of 
band  from  the  side  of  low  frequencies  makes  it  possible  to  exclude  the 
background  of  power  supplies  and  microphonic  noises  from  the 


measurements . 
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In  measurement  of  signal-to-noise  ratio  is  implied  application  of 
instrximent  with  "effective  time  constant"  or  "time  of  integration"  for 
power,  equal  to  1  s,  and  also  filter  of  lower  frequencies  and  weighing 
circuit,  whose  diagrams  are  given  respectively  in  Fig.  8.1.1  and 
8.1.2.  Data  of  elements  of  filter  of  low  frequencies  and  its 
attenuation  are  cited  in  Tables  8.1.1  and  8.1.2,  respectively  [8.3, 
8.4]  in  the  form  of  dependences  on  higher  frequency  of  video  signal. 

Let  us  pause  now  at  other  requirements  for  channel,  intended  for 
transmission  of  video  signals. 

Overall  line  attenuation  of  hypothetical  standard  circuit  during 
transmission  of  TV  signals  according  to  recommendation  of  MKKR  must  be 
in  limits  0±1  of  dB. 
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Fig.  8.1.1.  Fig.  8.1.2. 

Fig.  8.1.1.  Schematic  of  the  filter  of  low  frequencies. 

Key?  (1).  ohm. 

Fig.  8.1.2.  Diagram  of  weighing  circuit:  L=75t,  mH,  C=(t/15)10‘,  pF 
for  zone  television  with  resolution  into  625  rows,  t=0.33  ms. 

Key;  (1).  ohm. 
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Table  8.1.1. 


nOpMAKO« 
buA  HOMep 
MeMeiiTA 
cxeicM 

HiuyxTiii* 
HOCTb  JUCM 

EMKOCTh 

mp 

peiolulict 

1 

14,38/f, 

497.6/f, 

1,8816/Fj 

2 

7.673/fj 

msiFt 

I.IOII/F, 

3- 

8.600/F, 

1950/F, 

1.2290/F, 

4 

2139/F, 

5 

2815/F* 

6 

23i5/F, 

7 

1297/F, 

Value  Fj  this  table  gives  in  MHz. 

Key;  (1).  The  reference  number  of  the  element  of  network.  (2). 
Inductance  /xH.  (3).  Capacity/capacitance  pF.  (4).  Frequency  of 
resonance  MHz, 
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Checking  frequency  and  phase  responses  of  circuit  for  compliance 
to  demands  of  MKKR  is  realized  with  the  aid  of  test  signals  Nos.  1  and 
2  [8.2,  8.4]  (see  Fig.  8.1.3  and  8.1.4). 

Test  signal  No  1  is  sequence  of  square  pulses  with  duration  of  10 
ms  (at  frame  frequency,  equal  to  50  Hz),  of  following  with  porosity, 
equal  to  one.  these  pulses/momenta  have  spread/scope,  equal  to 
spread/scope  of  video  signal,  and  transmit  simultaneoiisly  with 
synchronizing  and  extinguishing  pulses/momenta.  With  measurement  on 
the  oscilloscope  face  is  superimposed  the  transparent  stencil,  on 
which  it  is  plotted/ applied  to  Fig.  8.1.3.  In  transit  through  the 
circuit  of  test  signal  No,  1  image  on  the  oscilloscope  face  must  be 
established  so  that  it  would  not  exceed  the  limits  of  Fig,  8.1.3, 
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plotted/applied  on  the  transparent  stencil,  where  the  points  which 
correspond  to  half  the  spread  of  the  pulse  coincide  with  points  Mi  and 
M2,  While  the  middles  of  the  horizontal  sections  coincided  with  points 
A  and  6,  respectively.  In  this  case  the  shape  of  the  signal  at  the 
output  should  be  within  the  limits  of  the  cross-hatched  part  of  the 
stencil  (Fig.  8.1.3).  Thus,  the  slope  of  the  horizontal  part  of  the 

test  signal  should  not  exceed  +10%. 
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Table  8.1.2. 


FlP, 

b, 

F/P, 

b» 

0,98 

0,1 

1,04 

14,8 

0,99 

0,5 

1,05 

18,8 

1,00 

1,8 

1,06 

23,0 

1,01 

4.2 

1,07 

27,7 

1,02 

7.3 

1,08 

33,3 

1,03 

10,9 

1,09 

41,0 

Key;  (1).  dB. 


Fig.  8.1.3.  Test  signal  No.  1  and  stencil  (it  is  shaded). 

Key:  (1).  250  ms.  (2).  10  ms. 

Page  229. 

During  transmission  through  systems  with  number  of  rows,  equal  to 
625  test  signals  No,  2,  shown  in  Fig.  8.1.4a,  pulse  apex,  reproduced  on 
output  of  line,  must  be  within  the  limits  of  shaded  part  of  image  on 
stencil,  i.e.,  inclination/slope  of  horizontal  part  must  not  be  more 
than  ±5%  of  spread/scope  of  picture  signal  (see  Fig.  8.1.4b).  Image 
on  the  oscilloscope  face  must  be  established  analogously  of  said  in 
the  description  Fig.  8.1.3.  Test  signal  No. 2  is  utilized  also  for 
checking  the  transient  response  in  the  region  of  higher  frequencies. 
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Fig.  8.1.4.  a)  test  signal  No.  2,  b)  stencil  (it  is  shaded). 

Key;  (1).  White  level.  (2).  Black  level.  (3).  N  or  jtl.  (4). 
MS.  (5).  0.4  N.  (6),  V. 

Page  230. 

In  this  case  rise  time  t  of  the  signal  (see  Fig.  8.1.4a)  for  the 
systems  with  a  mjmber  of  rows,  €qual  to  625,  must  comprise;  in  the 
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case  of  Fa=5  of  MHz  t=0.10  us  and  with  Fa=6  MHz  t=0.08  us 

lit  the  output  of  the  circuit,  designed  for  the  transmission  of  TV 
signal  with  the  resolution  into  625  rows  and  a  higher  frequency  of  5 
MHz,  the  front  of  the  observed  pulse/momentum  must  not  exceed  the 
limits  of  image  on  the  stencil,  which  is  given  in  Fig.  8.1.5.  In  this 
case  the  pulse/momentxjm  on  the  oscillograph  is  established/installed 
so  that  the  middle  of  its  front  would  coincide  with  point  M  (Fig. 
8.1.5),  and  the  sections  of  pulse/momentxmi,  which  correspond  to  the 
levels  of  black  and  wh-te,  they  would  coincide  with  the  sections  B  and 
A  in  Fig.  8.1.5  respectively.  If  pulse/momentum  in  the  sections  B  and 
A  has  overshoots,  then  their  peak  values  must  be  established/installed 
symmetrically  relative  to  B  and  A.  As  already  mentioned,*  Fig.  8.1.5 
was  intended  for  the  systems  with  a  number  of  rows  625  with  the  value 
of  Fj=5  MHz.  With  a  number  of  rows  625  and  value  Fj=6  MHz  to  the 
stencil  must  be  applied  the  image,  given  in  Fig.  8.1.6. 

An  number  of  cases,  except  given  norms  for  distortion  of 
pulses/momenta,  amplitude- frequency  characteristic  (AChKh)  and 
characteristic,  which  determines  permissible  change  in  time  lag  At, 
can  be  useful.  Stencils  for  such  characteristics,  recommended  by 
MKKR,  are  given  in  Fig.  8.1.7, 
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Fig.  8.1.5.  Stencil  of  transient  response  with  F2=5  MHz. 
Key:  (1).  ms. 


Page  231. 

Determination  of  nonlinear  distortions,  introduced  by  circuit 
during  transmission  of  interval  of  row,  is  realized  by  test  signal  No. 
3,  Fig.  8.1.8a,  Of  this  signal  the  section  of  the  image  of  each 
fourth  row  consists  of  the  sine  wave  with  a  frequency  of  0.2  F,  (F,  - 
the  maximiim  frequency  of  video  signal)  with  a  spread/scope  of  0.1  V, 
superimposed  to  the  signal  of  saw-tooth  for.n.  In  the  measurements  of 
three  intermediate  row  in  the  transmitting  end/lead  they 
establish/install  at  the  level  of  black  or  at  the  level  white. 


Nonlinear  distortions  are  determined  after  isolation/liberation 
of  sine  wave  at  point  of  reception/procedure  with  the  aid  of  band-pass 
filter.  In  the  presence  of  nonlinear  distortions  the  -envelope  of  sine 
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wave  will  take  the  form,  shown  in  Fig,  8.1.8b.  Konlinear  distortions 
are  computed  according  to  expression  t/ =- ^00%,  where  m  and  M  - 
values  of  the  ordinates  of  signal  amplitude  envelope  (see  Fig. 
8.1.8b),  and  according  to  the  recommendation  of  MKKR  must  not  exceed 
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Fig.  8.1.6.  Stencil  of  transient  response  with  Pa=6  MH.s. 

it 

Key:  (1).  ns. 


Fig.  8.1.7.  Stencil  of  amplitude-frequency  characteristic 
(attenuation)  and  characteristic  of  group  time  lag. 

Key:  (1).  to  AChKh.  (2),  At,  us.  (3).  Frequency  standard. 

Page  232. 

Let  us  note  that  sine-quadratic  pulses  are  very  convenient  form 
of  test  signal.  These  pulses  have  a  form,  described  by  equation 
£/(0=sin*2«f«/,  shown  in  Fig.  8.1.9a.  The  spectral  characteristic  of 
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this  puis  e/moment  \im  (Fig.  8.1.9b)  is  described  by  the  expression 


1  .  ^  f  t 

- 3in - - 1-  —2 - TT  • 

VTa  [f  \ 


From  Fig.  8.1.9b  it  follows  that  sine-quadratic  pulse  has 
sufficiently  sharply  limited  spectrum,  that  advantage  of  such 
pulses/momenta  of  the  fact  that  in  sufficiently  simple  electronic 
circuits  they  are  formed  with  high  accuracy,  facilitates  visual 
evaluation/estimate  of  its  distortions. 
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Fig.  8.1.8.  a)  test  signal  No.  3,  b)  envelope  of  sine  wave. 
Key:  (1).  V.  (2).  Sinusoids  signal. 


fig.  8.1.9.  a)  sine  quadratic  pulse/momentm,  b)  spectral 
characteristic. 

Key:  (1).  Relative  amplitude. 

Page  233. 

With  passage  of  sine-quadrat '.c  pulses  along  communications  link 
with  insufficient  bandwidth  their  relative  height/altitude 
(spread/scope)  and  relative  width  (duration)  will  change.  Fig. 
8.1.10  [8.6]  gives  the  curves,  which  characterize  the  relations  of 
spread 'scope  (curve  a)  and  duration  (curve  b)  of  sine-quadratic 
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pulses,  at  the  output  and  at  the  input  of  the  perfect  filter  of  lovr 
frequencies  with  the  limited'  band.  The  pulse  duration  at  the  input  is 
equal  to  0.17  (scale  A),  0.1  (scale  B)  and  0.05  «s  (scale  C);  on  these 
scales  the  cutoff  frequencies  are  indicated. 


During  tests  pulse  duration  usually  is  selected 


JL  ^  j_ 


(8.1.2) 


In  recommendations  of  MKKR,  which  relate  to  communication  systems 
through  ISZ,  requirements  for  channel  of  sound  tracking  of  television 
program  are  not  specified.  In  connection  with  this  it  is  appropriate 
to  give  requirements  for  the  long-distance  circuit  of  the  I  class, 
organized  along  the  radio  relay  or  cable  lines  for  the  transmission  of 
broadcast  programs  (8.53: 

-  the  reproducible  frequency  band:  50-10*  Hz  with  the 
nonuniformity  of  the  frequency  characteristic,  calculated  relative  to 
the  frequency  of  800  Hz,  ±1.74  dB  in  the  band  0.2-6  kHz; 

-  root-mean-square  coefficient  of  the  harmonics:  at  frequencies 
to  100  Hz  -  not  more  than  2%,  at  frequencies  it  is  more  than  100  Hz  - 
not  more  than  1-2%; 

-  ratio  of  signal  to  the  background  not  less  than  55  dB; 


ratio  of  signal  to  the  interference  not  less  than  63  dB; 


-  ratio  of  signal  to  the  distinct  transient  interference  74  dB. 
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Fig.  8.1.10.  Parameters  of  pulses/momenta  at  different  frequency 
band. 

Key:  (1).  Aspect  ratio  %.  (2).  Relative  duration.  (3).  MHz. 

(4).  Cutoff  frequency. 

Page  234. 

8.2.  Transmission  of  one  sideband  (OBP). 

Relation  of  power  of  unweighted  thermal  noise  and  signal  at 
output  of  line  of  communications  with  OBP  can  be  determined  according 
to  expression  (7,2.3),  if  value  AT  is  considered  equal  to  width  of 
band  of  tv  signal,  i.e,. 

Taking  into  account  that  lower  cut-off  frequency  of  TV  signal 
is  considerably  lower  than  upper  cut-off  frequency  Fj,  it  is  possible 


to  count 
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Since  in  reco’iimendations  of  MKKR,  given  in  Section  7.1,  fox*  TV 
signal  is  nozmalized  ratio  of  spread/scope  of  picture  signal  to 
effective  noise  voltage,  it  is  necessary  to  conduct  appropriate 
conversions  of  expression  (3.2.1). 


(3.2.5) 


From  expression  (8.2.3)  and  (8.2.5)  it  follows 


Pc  " 


(8.2.6) 


Sxxbstituting  (8.2,6)  and  (8.2.2)  in  (8.2.1)  and  introducing 
visometric  coefficient  e,  which  determines  decrease  of  power  of  noises 
in  transit  through  weighing  circuit,  we  will  obtain 


i/p  /  L  /"o*  j  ■ 


(8.2.7) 


Let  us  note  that  frequency  characteristic  of  weighing  circuit 
correspond.s  to  sensitivity  of  eye  to  perception  of  noises.  Let  us 
find  the  value  of  coefficient  e  for  the  weighing  circuit,  Fig.  8.1.2. 
Attenuation  characteristic  of  this  circuit  at  the  frequency  Sl-2irF  is 
deteicnined  by  the  relation 


spectrxim  acts,  spectral  power  density  in  numerator  and  denominator  of 
latter/last  expression  can  be  carried  out  to  integral  sign,  as  a 
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result  of  which 


f  <lf(F)dF 

h _ 


(8.2.12) 


With  substitution  (8.2.9),  as  a  result  of  integration,  we  will 


obtain 


arc  Ig  2n  Fi  T  —  arc  tg  2n  Ft  x 


(8.2.13) 


Assuming/setting  Fj=5  MHz,  Fi=0,  r=0.33  us,  we  will  obtain 


e  =0,148  (—8.5 


(8.2.14) 


With  substitution  (8.2.14)  in  (8.2.7)  with  values  of  k-1.38*10"** 
J/deg,  Fa=5*10*  Hz,  we  will  obtain 

(8.2.15) 


Is  here  marked  Pa(x)=Pnx'‘  -  peak  power  of  transmitter  OBP. 

Page  236. 

'Jii  the  relation,  which  stands  on  the  left  side  of  equality 
(8.2.15),  is  assigned  for  each  section  of  the  line  of  communications, 
then  it  is  possible  to  find  the  power  of  the  transmitters 

P»  =  2,6.10-“r,B,(^)’.  (8.2.16) 

Indices,  which  determine  sections  of  connect ion/ communication,  in 
latter/last  expression  are  omitted  for  generality  of  recording.  The 
recording  of  indices  can  carried  out  in  accordance  with  (8.2.15).  tet 
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US  note  that  the  peak  power  of  transmitter  is  determined  by  expression 
(8.2.16) . 


Bandwidth  on  SHF  with  OEP  is  equal  to  width  of  spectrimi  of  video 
signal,  i.e.  will  be 

A/.=  AF  =  5MttL.  (8.2.17) 

8.3.  Transmission  with  the  frequency  modulation. 

-In  accordance  with  (5.5.6)  and  (5.3.13) 


Pn,  vfl<» 

A/.fliar, 

^06''* 


■^1. 
«  6  J  ‘ 


(8.3.1) 


Here  value  and  A/mt  A/W  determine  maximum  value  of 

aftat 

deviation  of  frequency  respectively  in  section  Earth-satellite  and 
Satellite-Earth. 


Considering  that  on  the  left  side  of  equality  (8.3.1)  stands 
relation  of  effective  power,  and  also  taking  into  account  that 
A/o==vcAF  and  Afj^VjAF,  we  will  obtain 

l«r)  — SMiT J •  ‘  ^ 

Passing  from  effective  value  of  video  voltage  to  peak 
spread/scope  of  signal,  should  be  considered  equality 


(8.3.3) 


DOC  =  86120415 


PAGE 


y 


Deviation  of  frequency  Afm.  proportional  to  half  of  spread/scope 
of  picture  signal,  and  spread/scope  changes  in  frequency  A/p, 
determined  by  TV  signal,  are  connected  as  follows  (see  Fig.  6.1.1): 

4/.  -  ^  ■  (8.3.4) 

Page  237. 


Substituting  (8.3.3)  and  (8.3.4)  in  (8.3.2)  after  conversions  and 
introduction  of  coefficient  that  considers  noise  transmission 

through  weighing  filter,  we  will  obtain  expression,  which  determines 
square  of  ratio  of  effective  value  of  noise  voltage  to  spread/scope  of 
voltage  of  TV  signal 


/  f/ai  y  kft  I  rj,Bs2lp 

\U,)  ~  1.6  U/p/  VPn^'  ■*"  Pn6 


HM  * 


(8.3.5) 


In  this  of  expression  AF  it  is  replaced  by  value  Fj,  since 

AF=Fj-Fi'^Fj,  if  Fi^O. 


Let  us  determine  value  of  coefficient  .With  the  frequency 
modulation  in  accordance  with  (5.3.9)  the  spectral  noise  density  is 
proportional  to  the  square  of  frequency. 


with  Fi=0  we  will  obtain 
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Substituting  in  (8.3.5)  value  from  (8.3.8)  and  accepting 
k=l. 38*10'* *  J/deg;  Fj=5  MHz,  let  us  find 


In  this  expression  value  A/p  (in  MHz)  determines  spread/scope  of 
change  in  frequency,  caused  by  transmission  of  TV  signal  (from  white 
level  to  apexes/vertexes  of  timing  pulses). 


According  to  expression  (8.3.9),  knowing  assigned  relation 

for  each  section  of  line  of  communications,  it  is  possible  to 

\  Up  /$m 

find  power  of  terrestrial  and  onboard  transmitters; 

(8.3.10, 

Here  A/pi  and  A/p2  -  spread/scope  of  change  in  frequency  (in  MHz), 
of  called  party  by  transmission  of  TV  signal  respectively  for  section 
of  connection/ communication  Earth-satellite  and  satellite  -  Earth  (in 
MHz), 


Width  of  spectrum  in  the  case  of  ChM  can  be  determined  according 
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to  approximation  formula: 


A/sA/p,  ec^H  A/p>2/=‘, 
A/s  (3t-4)Fj,  ecmi  A/pS/"* 


(8.3.12) 


Key:  (1).  if. 
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8.4.  Transmission  with  KIM 


Let  us  examine  transmission  of  TV  signal  for  case  to  Kims. 


In  accordance  with  (5.5.6)  and  (5.4.19),  in  the  absence  of  pulse 
regeneration  on  board  satellite  and  measurements  with  visometric 
filter  (to  weighing  circuit),  with  coefficient  e,  let  us  find 


i-  =  r — f! — + — 1*. 

'c  Jsa  _ isa  } 

L  2»^e  *  2)^e^  J 


(8.4.1) 


Here: 


_ 

Pot 


(8.4.2) 

(8.4.3) 


We  convert  expression  (8.4.1)  in  accordance  with  norms  of  MKKR, 
which  determine  ratio  of  effective  value  of  noises  to  spread/scope  of 
picture  signal.  Taking  into  account  (8.2.6)  and  (8.2.14),  let  us  find 


m 


T— ^ 

L  » 


- 1- 

»  J 


(8.4.5) 


During  calculations  on  expressions  (8.4.5)  we  enter  as  follows:  M' 


PAGE 
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after  determination  according  to  expressions  (8.4.2)  or  (8.4.3)  value 
9»x.  value  can  be  determined  according  to  graphs/curves  for 

idealized  or  real  values  (see  Fig.  7.4.2). 


For  determining  power  of  onboard  or  terrestrial  transmitter  we 


DOC  =  86120415 


PAGE 


utilizing  results  of  calculation  according  to  expression  (8.4.9), 
with  the  aid  of  curves  (see  Fig.  7.4.2)  are  determined  values  Qnt-  and 
then  through  expressions  (8.4.2)  or  (8.4.3)  power  of  transmitters  are 
located. 

Bandwidth  with  to  Kims  in  accordance  with  (5.4.8)  will  comprise 
A/S2AF/J.  (8.4.10) 

Here  AF  -  bandwidth,  occupied  by  TV  signal,  and  n  -  number  of 
pulses  per  in  word.  The  research  has  shown  [8.7]  that  the 
reproduction  of  television  image  was  acknowledged  good  on  64  and  128 
levels  of  quantization,  i.e.,  with  value  of  n=6  even  7.  In  this  case 
the  clearness  of  the  boundaries,  which  correspond  to  the  adjacent 
levels,  into  which  is  divided/marked  off  television  image  on  the 
brightness  in  the  case  of  KIM,  can  be  substantially  lowered  during  the 
addition  to  the  video  signal  before  the  quantization  of  white  noise. 
This  is  explained  by  the  fact  that  during  the  introduction  of  the 
white  noise  of  the  boundary  of  quantization  it  will  be  divided/marked 
off  according  to  the  random  law. 

We  will  point  out  that  selection  of  levels  of  quantization  during 
transmission  of  television  image  details,  those  differing  somewhat 
from  each  other  in  brightness.  Therefore  a  nxmiber  of  levels  of 
quantization  must  be  determined  by  Weber-Fechner 's  law,  i.e., 
logarithmic  scale  they  must  be  uniform. 


on  the 
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8.5.  Comparison  different  of  the  methods  of  the  transmission  of  TV 
signals  according  to  the  energy  indices. 

For  estimating  energy  relationships  during  transmission  of  TV 
si  nals  calculation  of  power  of  onboard  and  terrestrial  transmitters 
with  values  of  parameters,  given  in  Tables  7.7.1  and  8.5.1,  is  given 
below. 

In  accordance  with  calculations,  led  in  Section  7.7,  for  antennas 
without  protective  hoods  we  have: 

-  weakenings  of  signal  in  sections  of  connection/communication 

fiot2=  127,2  dB  (5.3*10**  times),  (8.5.1) 

Bosi=  125.7  dB  (3.7*10**  times);  (8.5.2) 

-  noise  temperatures  of  terrestrial  and  onboard  receivers 

Tu  =  iOO°K.  (8-t>-3) 

Tia  =  10(X)°K.  (8-5-4) 

Page  240. 

Calculation  with  OBII.  In  accordance  with  expression  (8.2.16)  and  data 

> 

of  Table  8.5.1  we  will  obtain  the  peak  values  of  the  power  of  the 
transmitters: 

w?  Pn»(»)=H  kW. 

Frequency  band,  occupied  in  this  case,  will  be  equal  to  width  of 
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band  of  TV  signal,  i.e., 


iifz=.AF-5  MHz, 

Calculation  with  ChM.  Calculation  can  be  carried  out  with  the 
substitution  of  data  of  Table  8.5.1  and  values  of  (8.5.1)-(8.5.4)  into 
formulas  (8.3.10)  and  (8.3.11).  During  the  computations  we  will 
consider  that  the  band,  occupied  during  the  transmission  Af=50  MHz. 
Therefore  in  accordance  with  (8.3.12)  we  obtain 


A/p  =  A/=50  MHz. 


In  this  case 


=  W; 
/^n»  =  74  w. 


(8.5.5) 

(8.5.6)  @ 


Let  us  note  that  obtained  value  Pno  will  create  at  input  of 
terrestrial  receiver  signal,  close  to  threshold,  therefore,  if  in  this 
receiver  measures  for  reduction  in  threshold  value  of  signal  (for 
example,  will  not  be  introduced  negative  feedback  in  frequency)  will 
not  be  accepted,  value  Pns  for  confident  work  it  must  be  increased 
2.5-3  times. 


Comparatively  low  power  of  transmitters  is  caused  by  large  gain, 
which  is  obtained  with  selected  spread/scope  of  change  in  frequency. 
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Table  8.5.1. 
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Key:  (1).  No.  (2).  Parameter.  (3).  Value.  (4).  See  Table 

7.7.1.  (5).  Ratio  of  spread/scope  of  picture  signal  to  effective 

value  of  voltage/stress  of  continuous  thermal  weighed  noise  for  99%  of 
time  on  output  of  video  channel.  (6).  dB.  (7).  times.  (8).  The 
same  relation  in  section  satellite  •>  Earth.  (9).  The  same  relation 
in  section  Barth  -  satellite.  (10).  Maximum  frequency  of  video 
signal.  (11).  Fi=5  MHz. 
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If  the  occupied  frequency  band  for  any  reasons  cannot  be  more  than  20 
MHz,  then  the  spread/.scope  of  change  in  the  frequency  with  the 
frequency  modulation  must  be  lowered  to  the  value 

A/;  =15  MHz. 

In  this  case: 


Pa6  =  22  W, 
/’a*  =  630  w 


LM-3j‘|:.vy-;  H-  .■-  '.,  \.  •.-''C;-‘‘',;v Vf-'  /' 
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Vith  the  obtained  values  of  the  power  of  transmitters  and  the 
band’ of  receiver,  equal  to  20  MHz,  the  value  of  signal  will 
considerably  exceed  threshold  value. 


Calculation  with  KIMS-AM.  In  accordance  with  the  data  of  Table  8.5.1 
and  expressions  (8.4.9),  (8.4.2)  and  (8.4.3)  we  will  obtain: 


Pn6=l5  W, 
Pn,  =  126  u 


Jn  this  case  the  bandwidth  according  to  (8. 4.^.0)  in  the  case  of 
six  pulses/momenta  in  word 


A/  =  2-5*6  =  60  MHz. 


Conclusions/outputs,  comparing  obtained  values,  it  is  possible 
to  note  that  with  identical  occupied  frequency  band  application  of  ChM 
leads  to  somewhat  smaller  power,  than  KIM.  Use  of  OBP,  although  it 
makes  it  possible  to  considerably  shorten  the  frequency  band, 
nevertheless  causes  a  considerable  increase  in  the  power  of  onboard 
and  terrestrial  transmitters. 


8.6.  Effect  of  the  Doppler  effect,  time  lag  and  switching  of 
satellites. 


Change  in  the  frequency  and  strain  of  frequency  spectrum,  caused  by 


the  Doppler  effect  and  examined  in  Section  3.5,  during  the 
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transmission  of  television  image  and  sonic  tracking  prove  to  be 
unessential.  This  is  confirmed  by  different  experiments,  carried  out 
with  the  communication  systems  through  the  satellites.  A  certain 
adjustment  of  the  Doppler  effec  can  be  required  only  during  the 
transmission  of  colored  image. 

Signal  lag  during  transmission  of  television  programs  does  not 
have  value  in  such  a  case,  when  signals  of  sonic  tracking  and  image 
delay  approximately  equally. 

Switching  from  one  moving/driving  satellite  to  another  can  lead 
to  loss  of  part  of  information.  The  latter  is  explained  by  the 
possible  disruption  of  the  work  of  timing  mechanism  during  the 
switching,  which  can  cause  the  loss  of  several  fields  of  image. 
Furthermore,  a  change  in  signal  lag  during  the  switching  can  somewhat 
destroy  the  ntinuity  of  sonic  tracking. 

Page  242. 

Since  the  period  between  the  switchings  in  the  real  systems  will 
exceed  30  min,  disturbance/breakdown  in  the  transmission  of  video-  and 
sound  signals,  apparently,  they  will  prove  to  be  not  very  noticeable. 

8.7c  On  the  reception/procedure  of  television  program  through  IS2 
directly  to  the  mass  receivers. 


During  evaluation/estimate  of  communication  system,  which  makes 
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it  possible  to  carry  out  reception  of  television  program  with  ISZ 
directly  to  mass  receivers,  vhith  are  located  in  population,  one 
should  proceed  from  condHions,  under  which  cost/value  of  terrestrial 
receivers  and  antenna  systems  will  be  minimum.  This  means  that  in 
this  system  can  be  examined  only  such  conditions  of 
reception/procedure,  with  which  can  be  used  the  simplest  motionless 
terrestrial  antennas,  which  make  it  possible  to  carry  out  regular 
reception  of  television  programs  with  ISZ,  at  least,  for  several  hours 
in  a  24  hour  period. 

Solution  of  this  question  is  possible  only  with  work  through 
stationary  ISZ  or  through  ISZ,  which  move  at  large  distances  from 
Earth  along  circular  or  elliptic  orbits.  Therefore  subsequently, 
during  the  evaluation/estimate  of  the  indices  of  this  system,  we  will 
consider  that  it  can  be  realized  with  the  orbits  by  height/altitude 
about  40000  lun,  accepted  for  the  calculations  in  Section  8.5. 

Reception  of  television  programs  with  ISZ  directly  to  mass 
receivers  can  be  realized  in  following  frequency  bands,  diverted  for 
telecast 

1  range  ...  of  47-68  MHz 

2  range  ...  of  87.5-100  MHz 

3  range  ...  of  174-230  MHz 

4  range  ...  of  470-662  MHz 

5  range  ...  of  662-960  MHz 

6  range  ...  of  11.7-12.7  MHz. 
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Taking  into  account  curves  of  Fig.  4.3.2,  it  is  possible  to  say 
that  as  a  result  of  a  considerable  increase  in  the  cosmic  noises  the 
first  three  ranges  for  the  use  in  this  system  are  unsuitable.  On  the 
other  hand,  from  the  calculations,  carried  out  in  Section  8.5  for  the 
frequencies  of  4000  MHz,  it  follows  that  with  the  considerable 
sizes/dimensions  of  terrestrial  antennas  (with  the  amplification 
approximately  60  dB)  for  the  transmission  and  reception  of  television 
program  the  receivers  with  a  small  inherent  noise  level  are  required. 
Taking  into  account  that  the  indices  of  mass  receivers  and  antennas 
will  be  considerably  worse  than  accepted  during  these  calculations,  it 
is  obvious  that  the  work  in  the  sixth  range  (11.7-12.7  MHz)  will 
require  the  extremely  large  power  of  the  onboard  transmitters,  which 
it  will  difficultly  realize  in  the  next  years. 

Page  243. 

Let  us  conduct  the  evaluation/estimate  of  the  power  of  onboard 
transmitter  during  the  transmission  of  television  program  with  I£Z 
directly  to  the  mass  receivers  to  4  and  the  5th  ranges  (470-968  MHz). 
In  this  case  we  will  consider  that  the  frequency  modulation  of 
oscillations  is  realized.  This  means  that  in  the  calculations  to 
admissibly  consider  only  thermal  noises  it  is  possible  not  to  consider 
the  man-made  interferences. 


It  is  obvious  that  in  accordance  with  expression  (3.2.2)  upon 
transfer  into  this  range  of  sizes  of  losses  in  free  space  will  change 
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into  numiber  of  times,  proportional  to  square  of  change  in  frequency. 
Thus,  attenuation,  in  comparison  with  the  calculation,  given  in 
Section  7.7,  used  in  Section  8.5,  decreases  approximately  70  times 
upon  transfer  for  the  frequency  of  470  MHz,  end  approximately  17  times 
upon  transfer  for  the  frequency  of  958  MHz,  i.e.  to  18.5  and  12  dB 
respectively. 

If  we  consider  that  the  reception/procedure  of  emissions  with  ISZ 
is  conducted  on  the  multielement  antenna  with  the  amplification  8-10 
dB  (instead  of  58  dB,  accepted  during  calculations  in  Section  8.5), 
and  the  value  of  receiver  noise  with  the  input  device  on  tunnel  diodes 
composes  500‘’K  (instead  of  50®K,  accepted  for  the  calculations  in  the 
Section  8.5),  then  we  will  obtain  that  the  power  of  onboard 
transmitter  upon  transfer  into  the  range  470  MHz  must  be  increased  on 
-  18.5+50+10=41.5  dB.  Upon  transfer  into  the  range  958  MHz  this 
increase  will  compose  ~  12+50+10=48  dB. 

Allowing/assuming  reduction  in  signal-to-noise  ratio  at  output  by 
10  dB  in  comparison  with  norms  of  MKKR  for  communication  systems  and 
taking  into  account  (8.5.5),  it  is  possible  to  say  that  even  with  ChM 
at  frequencies  of  470  MHz  and  958  MHz  will  be  required  onboard 
transmitters  by  power  about  3.7  kw  and  16  kW  respectively.  These 
values  are  obtained  during  the  amplification  of  the  onboard 
transmitting  antennas  14  dB  (see  Table  7.7.1).  If  the  amplification 
of  onboard  antennas  will  be  increased  to  30  dB,  the  power  of  onboard 
transmitters  must  be  approximately  0.09  kW  and  0.4  kW  respectively. 
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p  It  must  be  noted  that  with  the  antennas  with  this  amplification  the 
territory,  operated  by  one  ISZ,  somewhat  decreases.  Let  us  note  also 
that  the  creation  of  onboard  antenna  with  the  amplification  30  dB  at 
the  frequency  of  470  MHz  is  hindered/hampered  as  a  result  of  its  large 
sizes/dimensions. 


On  the  basis  of  given  tentative  calculations  it  is  possible  to 
consider  that  from  technical  side  direct  reception  of  TV  signals  from 
satellite  can  prove  to  be  possible.  However,  during  the  construction 
of  this  system  together  with  the  technical  side  should  be  considered  a 
whole  series  of  organizational  positions.  To  them  should  be  related 
such  questions,  as  the  difference  of  standard  time,  which  will 


hinder/hamper  the  composition  of  the  common  television  program, 
simultaneously  transmitted  to  the  large  territory,  a  difference  in  the 


languages,  the  need  for  the  conversion  of  television  standards  in  the 
mass  receivers  of  different  countries,  etc.  The  enumerated 


difficulties  considerably  complicate  the  creation  of  a  similar  system, 
these  difficulties  even  more  greatly  they  will  increase,  if  we 
consider  the  existing  pool  of  the  individual  television  receivers,  for 
work  of  which  in  the  system  of  the  direct  reception  of  transmissions 
with  ISZ  will  be  required  the  creation  of  special  attachments 
(low-noise  amplifiers,  the  switches  of  standards,  antennas,  etc.). 


In  connection  with  eniomerated  difficulties,  apparently,  is  more 
advisable  reception  of  emissions  with  ISZ  to  collective  terrestrial 
relay  receivers.  In  this  case  it  is  much  easier  to  solve  the 
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entjunerated  above  questions,  and  appear  the  following  advantages: 

■  -  possibility  of  use  in  section  satellite  -  Earth  optimum  for 
space  communications  frequencies  independent  of  ranges,  in  which  will 
occur  reception  to  mass  receivers. 

-  Coordination  of  schedule  of  international  transmissions  with 
schedule  of  local  and  national  broadcasting. 

-  Possibility  of  use  in  section  satellite  -  Earth  of 
interference-free  forms  of  modulation  and  any  transformations  of 
signals,  which  ensure  improvement  of  noise  Immunity  of  reception  and 
contraction  of  occupied  frequency  band. 

-  Possibility  of  decreasing  interferences  with  ground-based  radio 
services  from  emissions  from  satellite.  This  is  caused  by  the  fact 
that  with  the  collective  reception  at  the  terrestrial  stations  it  is 
possible  to  use  the  more  directional  antennas,  the  low-noise 
amplifiers,  that  it  will  make  it  possible  to  reduce  the  power  of 
onboard  transmitter. 


-  pecrease  of  power,  weight,  sizes  and  simplification  in 
construction/design  of  onboard  transmitter  and  devices/equipment  of 
feed.  This  leads  to  an  increase  in  the  reliability,  it  makes  it 
possible  to  enforce  the  redundancy  of  equipment  and  to  increase  the 
period  of  its  service. 

^n  example  of  a  similar  syst-em  is  system  the  orbit,  realized  in 
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the  USSR  to  50-4\ anniversary  of  the  great  October  Socialist 
Revolution.  "The  description  of  system  orbit  given  in  Section  10.5. 
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Page  245. 

Chapter  9. 

Joint  use  of  frequency  bands  by  communication  systems  through  ISZ  wit^ 
other  ground-based  radio  facilities. 

9.1.  Initial  information. 

Up  to  onset  of  communication  systems  through  ISZ  frequency  band 
from  3  to  8  GHz,  which  is  most  advisable  (see  Sectic'.  4.3),  it  was 
already  distributed  between  different  radio  services.  Therefore  for 
the  communication  systems  through  ISZ  in  this  range  it  proved  to  be 
possible  to  isolate  only  the  separate  frequency  bands  in  essence  on 
the  base  of  joint  use,  since  the  displacement/movement  of  the  radio 
aids  operating  at  present  into  other  frequency  bands  is  extremely 
difficult  over  the  technical  and  economic  reasons. 

Joint  use  of  frequency  band  by  several  radio  services  leads  to 
interferences  and  some  limitations  of  those  parameters  of  radio  aids, 
on  which  depends  interference  level.  To  such  parameters  can  be 
referred  the  radiated  power,  the  angles  of  elevation  of  antennas, 
direction  of  routes,  distance  between  xhose  radio  stations,  which  can 
create  and  receive  undesirable  radio  transmissions,  etc. 

Examination  of  interferences  showed  that  joint  operation  in 
general/ common  band  of  frequencies  of  communication  systems  through 
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ISZ  and  radio  relay  lines  of  sight  (RRL)  from  technical  side  can  be 
realized  most  simply.  With  the  coincidence  of  frequencies  not  with 
RRL,  but  with  some  other  services,  which  have  the  transmitters  of 
larger  power,  highly  sensitive  receivers  or  changing  radiation  zones, 
considerable  difficulties  appear. 

Therefore  at  extreme  administrative  conference  of  radio 
communication  (ChAfCR)  in  1963  for  communication  systems  through  ISZ 
frequency  bands,  which  coincide  in  were  isolated  essence  with 
frequency  bands,  diverted  for  radio  relay  lines,  which  are  placed  in 
category  of  fixed/recorded  services.  The  enxmeration  of  the  frequency 
bands,  isolated  for  the  communication  systems  through  ISZ,  is  given  in 
Appendix  3. 

Page  346. 

Fig.  9.1.1  gives  the  diagram  of  the  onset  of  the  interfering  signals 
(interferences)  between  the  ground  radio-relay  stations  and  the 
communication  system  through  ISZ,  From  this  diagram  it  follows  that 
the  interferences  can  be  broken  into  four  groups; 

A.  Interferences  from  the  ground  stations  with  the  receivers  of 
terrestrial  stations. 

B.  Interferences  from  ground  stations  with  receivers  of  onboard 


stations. 
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C.  Interferences  from  terrestrial  stations  with  receivers  of 
ground  stations. 

A.  Interferences  from  the  onboard  stations  with  the  receivers  of 
ground  stations. 

Certainly,  besides  eniunerated  forms  of  interferences,  there  can 
be  another,  for  example,  interferences  between  different  communication 
systems,  which  use  ISZ,  interferences  between  several  radio  relay 
lines,  etc. 

During  analysis  of  interfering  signals  it  is  necessary  to  keep  in 
mind  the  fact  that  their  level  is  not  time-constant.  This  is 
explained  by  the  following  reasons:  by  change  in  the  time  of  the 
value  of  attenuation  of  the  interfering  signal  during  its  propagation 
along  the  surface  of  the  Earth,  by  the  transit  of  satellite  in  the 
space,  and  also  by  the  motion  of  the  antenna  of  the  terrestrial 
station,  directed  in  the  side  of  satellite. 

In  connection  wHh  the  fact  that  at  input  of  receivers 
interfering  signal  levels  are  variable,  changes  in  time  and  ratio  of 
useful  signal  to  interfering  signal  at  output  of  system.  In 
accordance  with  this  within  ISZ  the  values  of  this  relation  for 
different  percentages  of  the  total  time  of  the  reception  of  signals 
are  established  by  the  recommendations  of  MKKR  for  the  communication 
systems. 
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Fig.  9.1.1.  Diagram  of  onset  of  interfeiing  signals. 

Key:  (1).  ISZ  of  the  communication  system.  (2).  Receiving.  (3). 

Before.  (4).  Ground  station.  (5).  Terrestrial  station  of  system  of 
ISZ. 

Page  247. 

According  to  the  recommendation  of  MKKR  [9.1]  the  communication 
systems  through  ISZ,  using  frequency  bands  together  with  RRL,  must  be 
designed  so  that  the  power  of  the  noise,  created  by  all  transmitters 
of  RRL,  at  the  point  of  the  zero  relative  level  of  any  telephone 
channel  of  the  fundamental  standard  circuit  of  the  communication 
system  through  ISZ  would  not  exceed: 

-  1000  pW  of  the  psophometrically  increased  average/mean  power  in 
any  hour, 

-  1000  pW  of  the  psophometrically  weighted  mean  power  in  one 
minute  during  more  than  20%  of  time  of  any  month, 

-  50,000  pW  of  the  psophometrically  weighted  mean  power  in  one 
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minute  during  more  than  0.03%  of  time  of  any  month. 

These  values  must  be  part  of  total  quantity  of  noises,  given  in 
Section  7.1. 

Taking  into  account  that  psophometric  measurements  with  respect 
to  unweighted  noises  give  decrease  of  power  of  noises  on  2.5  dB,  on 
the  basis  of  given  recommendation  it  is  possible  to  obtain  following 
ratios  of  power  of  e  cperimenta?.  tone  to  power  of  unweighted  noises  at 
point  with  zero  relative  level  for  any  telephone  channel,  which  muse 
not  be  exceeded: 

-  in  any  hour  -  Qo3=57.5  DBO, 

-  during  is  more  than  20%  time  of  any  month  -  (2oj=57,5  DBO, 

-  during  is  mere  than  0.03%  time  of  any  month  -  Qoa=40.5  DBO. 

For  RRL,  frequencies,  as  communication  system  working  in  the  same 
bands  through  ISZ,  is  analogous  recommendation;  power  of  noises, 
caused  by  operation  of  terrestrial  stations  and  communication 
satellites  at  point  with  relative  zero  level  of  any  telephone  channel 
of  hypothetical  standard  circuit  of  RRL,  by  length  of  2500  km,  there 
must  not  exceed  following  values: 

-  1000  pW  of  psophometrically  weighted  mean  power  in  any  hour. 
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-  1000  pW  of  psophometrically  weighted  mean  power  during  are  more 
than  20%  of  time  of  any  month, 

-  50,000  pW  of  psophometrically  weighted  me^.n  power  in  minute 
during  are  more  than  0.01%  of  time  of  any  month. 

Let  us  note  that  given  values  can  be  expressed  in  the  form  of 
ratio  of  power  of  test  signal  to  unweighted  power  of  noise  analogous 
how  it  is  given  above  for  communication  systems  through  ISZ. 

Fig.  *^.1.2  gives  norms  taking  into  account  p.;ophometric  weighing 
of  noises,  recoiiunended  by  MKKR  [9.13  to  the  maximum  permissible  sound 
levels  in  telephone  channel  of  hypothetical  standard  circuits, 
established/installed  for  communication  systems  through  ISZ  and  for 


RRL. 
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Fig.  9.1.2.  Maxiitium  permissible  sound  levels  in  telephone  channel  of 
communication  systems  through  IS2  and  RRL. 

Key;  (1).  pW.  (2).  dBT.  (3).  Systems  with  ISZ.  (4).  Time  of 
any  month. 

Page  248. 

On  the  basis  Fig.  9.1.2  it  is  possible  to  determine  the  values  of  the 
noises,  caused  by  the  joint  use  of  a  frequency  band  for  those 
percentages  of  the  time  of  any  month,  which  are  located  between  the 
points  described  earlier. 

For  guaranteeing  corrected  values  of  noises  of  MKKR  were  accepted 
following  recommendations  to  amount  of  radiated  power: 

1.  For  decreasing  the  interferences  with  the  communication 
systems  through  ISZ  it  is  recommended  so  that  maximum  power, 
effectively  emitted  antenna  of  RRL,  would  not  exceed  55  dBW,  and  the 
power  of  transmitter  at  the  input  of  this  antenna  would  be  not  more 


DOG  =  86120416 


PAGE 


(<r 


than  13  dBW. 

2«  In  connection  with  the  fact  that  conununication  systems 

through  stationary  ISZ  will  be  irradiated  by  PJIL  continuously  on  fixed 

levels,  for  their  protection  from  these  emissions  more  rigid 

recommendations  are  provi-^ed  for:  norm  55  dBW  relates  only  to  that 

newly  projected  RRL,  whose  antennas  are  directed  to  region,  distant 

behind  orbit  of  stationary  satellites  more  than  on  2®.  If  antennas  of 

RRL  are  oriented  into  the  part  of  the  space,  which  is  within  the 

limits  of  less  than  0.5°  from  the  orbit  of  stationary  satellites,  the 

power,  emitted  by  RRL,  must  not  exceed  47  dBW.  With  a  change  of 

orienting  the  antennas  of  RRL  within  the  limits  from  0.5  to  1.5°  from 

the  direction  in  orbit  of  stationary  satellites  the  recommendation  to 

* 

the  permissible  radiated  power  is  determined  on  the  linear  dependence 
in  the  limits  from  47  to  55  dBW  respectively. 

So  that  values  of  noises.-  recommended  for  RRL,  would  not  be 
exceeded,  MKKR  were  developed  recommendation,  to  which  for 
conununication  systems  through  ISZ  are  limited  power,  emitted  by 
terrestrial  stations,  and  densities  of  power  flux,  created  by  onboard 
stations.  These  recommendations  [9.1,  9.2,  9.17]  are  the  following: 

1.  In  the  frequency  bands  from  1  to  10  GHz,  which  are  together 
utilized  by  communication  systems  through  ISZ  and  RRL,  the  maximum 
value  of  the  density  of  power  flux  on  the  surface  of  the  Earth, 
created  by  the  transmissions  of  the  space  stations  of  the 
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communication  systems  through  ISZ  under  all  conditions  and  vith 
methods  of  modulation,  must  not  exceed  values  0=— 152+  dBW/m*  in 

|5 

any  band  4  kHz.  Here  value  0  determines  the  angle  of  arrival  of 
oscillations/vibrations  at  the  surface  of  the  Earth,  calculated  off 
the  horizontal  plane.  It  is  implied  that  the  limitation  of  the 
density  of  power  flux  indicated  on  the  surface  of  the  Earth  must  be 
made  during  calculations  of  attenuation  between  the  antennas  under  the 
conditions,  analogous  to  free  space. 

Page  249. 

2.  Virtual  rating,  emitted  by  terrestrial  station  in  horizontal 
plane  in  any  direction  taking  into  account  screening  constant  of 
teirain  by  obstruction,  which  limits  Ps,bb  (see  Table  9.2.1)  in  any  band 
with  width  of  4  kHz,  must  not  exceed  +55  dBW,  with  exception  of 
following  two  cases: 

-  if  in  certain  direction  distance  from  terrestrial  station  to 
boundary  of  territory  of  another  administration  exceeds  400  km,  then 
limit,  equal  to  +55  dBW  in  any  band  4  kHz,  can  be  in  this  direction 
increased  on  2  dB  for  every  100  km  of  distance,  which  exceed  400  km; 

-  limit  can  be  increased  by  agreement  between  interested  and 
affected  Administrations. 

However,  in  these  two  cases  power  coefficient  there  must  not 
exceed  value  of  +65  dBW  in  any  frequency  band  wixh  width  of  4  kHz. 
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3.  Transmitting  antennas  of  terrestrial  stations  must  not  emit 
electromagnetic  energy  at  angles  of  increase  of  less  than  3®,  measured 
from  horizontal  plane  to  central  axis  of  major  lobe  of  antenna.  Can 
be  exception/elimination  only  those  cases,  which  are  coordinated 
between  the  interested  or  affected  Administrations. 

Let  us  note  that  in  given  recommendations  is  emphasized  the  fact 
that  radiated  power  or  density  of  power  flux  must  not  exceed  values 
indicated  in  any  frequency  band,  equal  to  4  kHz.  This  means  that  in 
any  section  of  the  emitted  frequency  spectrum  in  the  presence  or  in 
absence  of  modulation,  the  amount  of  radiated  power  must  satisfy  the 
values  indicated.  In  order  to  satisfy  this  condition,  in  the  systems 
with  ChM  in  the  absence  of  modulation  (i.e.  with  the  zero  or  with  the 
time-constant  modulating  voltage/stress)  it  is  necessary  to  use 
special  diagrams  or  methods,  which  ensure  scattering  (dispersion) 
power  at  the  carrier  frequency  along  the  spectrum.  If  in  the 
communication  system  with  ChM  special  measures  for  the  dispersion  of 
carrier  output  are  not  taken,  then  for  fulfilling  the  requirement 
given  above  on  all  possible  levels  of  the  modulating  voltage/stress 
(including  with  its  equality  to  zero)  will  be  required  sharp  reduction 
in  the  radiated  power. 

In  recommendation  of  MKKR  E'1.1]  is  noted  that  for  communication 
systems  through  ISZ,  which  work  in  ranges  3. 4-4. 2  GHz  and  5.8-6.425 
GHz,  in  th»'‘  case  of  emitt3.ng  uniform  and  wide  spectrum  selection  of 
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the  carrier  frequencies  makes  no  difference.  But  if  in  the 
communication  systems  through  ISZ  weak  loading  (for  example,  the 
decrease  of  a  number  of  transmitted  telephone  conversations)  is 
utilized  by  ChM,  it  is  possible,  and  even  desirable  to  then  select  the 
carrier  frequencies  so  that  they  either  would  coincide  with  the 
carrier  frequencies  of  RRL  or  they  would  be  shifted  relative  to  the 
carrier  frequencies  of  RRL  the  value  of  the  highest  frequency  of  the 
group  spectrxjm. 
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Possibility  of  joint  use  of  frequencies  by  two  concrete/specific 
stations  depends  on  following  factors: 


-  tolerance  level  of  interfering  signal  Pmbhx  telephone  either 
television  channel  at  output  of  system  of  communications,  assigned  for 
different  percentages  time  of  observations,  or  from  permissible  for 
different  percentages  time  of  observations  of  ratio  of  power  of 
fundamental  (useful)  signal  Pc»ux  to  power  of  interfering  signal  at 
output  of  channel  of  communication 


-  permissible  relation  of  power  of  fundamental  and  interfering 
signal  at  input  of  receiver  for  different  percentages  of  time  of 
observations 

-  power  of  transmitter  of  fundamental  and  interfering  signal 

P at  P an! 

-  total  attenuation  of  signal  between  output  of  transmitter  of 
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fundamental  signal  and  input  of  receiver  B,  (taking  into  account 
effective  amplification  by  receiving  and  transmitting  antennas  in 
direction  of  propagation  of  fundamental  signal  and  duration  for  time 
of  observations); 

-  total  attenuation  of  signal  between  output  of  transmitter  of 
interfering  signal  and  input  of  receiver  Bj,^  (taking  into  account 
amplification  of  receiving  and  transmitting  antenna  in  direction  of 
propagation  of  interfering  signal  and  duration); 

-  coefficient  of  attenuating  interference  (KOP)  -  k,  which 
depends  on  special  features  of  joint  passage  of  fundamental  and 
interfering  signal  through  receiver  and  can  be  determined  in  the  form 
of  relation 


Let  us  note  that  value  k  is  determined  by  form  of  modulation  of 
fundamental  and  interfering  signal,  by  detuning  between  carrier 
frequencies  of  fundamental  and  interfering  signal,  special  features  of 
these  signals  (by  parameters  of  telephone  or  TV  signals,  by  form  of 
multiplexing),  by  selectivity  of  receiver,  etc.  Value  k.  can 
substantially  change  near  the  threshold  value  of  signal.  Therefore 
subsequently  will  always  count 

^  ^ix  nop  ^  L  (9.1.4) 

where  (7Bxnop  is  determined  the  ratio  of  the  power  of  threshold  signal 
to  the  power  of  the  thermal  noises  of  receiver.  During  calculations 
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of  power  capacity  of  the  interfering  signal  should  be  taken  the 
smallest  value  of  value  k,  since  precisely  this  v^lue  w:ll  correspond 
to  the  worse/worst  conditions. 

Page  251. 

Let  us  agree  by  indices  "0"  to  designate  values,  expressed  in  dB 
or  dBW.  Then,  in  accordance  with  the  previously  introduced 
designations,  it  is  possible  to  record  the  follovring  expression  for 
determining  the  relation  of  received  signal  to  the  nterfering  on  the 
output  of  the  system  of  communications 

Qo»m  ^0»x  +  *0  =  Pea— ^01  —  {Ponu — ^osn )  +  V 

In  this  expression  and  Bom  it  is  determined  in  accordance 
with  (3.1.2)  or  (3.1.4),  and  values  Pon  and  Pom*  are  power  of 
transmitters,  expressed  in  dBW.  Value  Bqj^  depends  both  on  propagation 
conditions  and  on  a  change  of  orienting  the  antennas,  which  radiates 
and  which  receives  the  interfering  signal.  For  the  interferences  of 
group  A  and  C  (see  Pig.  9.1.1)  this  change  in  the  orientation  is 
caused  by  the  displacement  of  the  antenna  radiation  pattern  of 
terrestrial  station  in  the  space  (with  the  tracking  the  motion  of 
satellite)  relative  to  the  antenna  radiation  pattern  fixed  in  the 
space  of  ground  station.  For  interferences  B  and  fl,  besides  a  cnange 
of  orienting  by  onboard  receiving  and  transmitting  the  antennas 
relative  to  ground  stations,  it  is  necessary  to  consider  change  in  the 
distance  between  the  ground  stations  and  ISZ.  For  the  interferences 
groups  A  and  C  of  the  distance  between  the  stations  in  question  are 
constant/invariable  (case  of  mobile  radio-relay  stations  it  is  not 
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characteristic). 

One  should  note  that  expression  (9.1.;F)  relates  to  case  of  effect 
of  one  jamming  station.  In  several  jamming  stations  according  to 
expression  {9.1.5)  it  is  necessary  to  determine  Qobui  fe>r  each  sta^tion 
and  to  sum  up  them  taking  into  account  the  simultaaeity  of  effect.  If 
stations  affect  not  simultaneously,  then  it  is  necessary  to  determine 
values  Qobux  and  corresponding  percentages  of  the  time  of  efrect  from 
the  total  time  of  observations. 

Expression  (9.1.5)  makes  it  possible  to  decide  not  only  direct 
problem  -  to  find  value  Qobux.  of,  and  raverse/irnverse  —  from  value- 
Qobui.  assigned  on  value  and  percentage  of  time  of  cb.servations  (which 
let  us  designate  Qob),  to  determine  minimum  distance  between 

receiving  and  jamming  station,  with  which  this  value  will  be  provided. 
For  this  should  be  calculated  value 

Boik  =  Qo3  —  Poa  +  +  ^onu  —  ■'*01  (9- 1  ’6) 

and  then  to  find  the  permissible  distance  between  stations  Lmux.  as 
function  from  . 

Value  L^uh.  with  which  QoBbix=Qo3  (where  Qoa  it  is  determined  by 
recommendations  of  MKKR  to  value  of  noises,  caused  by  work  of  systems 
in  combined  ranges),  it  is  called  coordination  distance. 

In  the  case  of  several  jamming  stations  for  each  of  them  can  be 
assigned  the  value  Qoa  and  corresponding  percentage  of  time,  and  then 


00C  =  z&wme 


?AGB  ^3^  ^'7/ 


necessary  distantre  betjs^eest  steefcsons  is  determined. 

One  should  note  th^  s^ressions  IS;.  3— 50  and  (9.1.6)  can  be 
solved  for  band  of  frsqueiicies  of  any  width.  In  the  materials  of  MKKR 
width  of  band,  relative  to  which  are  conducted  some  calculations  and 
normalization  is  reald^ed,  is  accepted  equal  to  4  kHz. 

Page  252. 

Therefore  values  Pon  and  p^an  must  be  substituted  in  (9.1.5)  and 
(•9..1.6)  in  dBW,  calculated  for  that  section  of  the  emitted  spectrum 
with  a  width  of  4  kHz,  in  which  their  relation  is  smallest.  If  it  is 
necessary  to  pass  from  one  band  4  kHz  to  the  next,  occupied  by 
telephone  signal  ^k.  equal  to  3.1  kHz,  the  obtained  results  it  is 
neEBssary  to  multiply  by  value 

2  ^  id  «  0,78,  (—1,1  (9. 1 .7) 

4 

9,2.  Attenuation  of  the  interfering  signal  between  receiver  and 
transmitter  of  terrestrial  and  ground  station. 

Attenuation  of  interfering  signal  between  receiver  and 
transmitter  of  terrestrial  and  ground  station  depends  on  following 
fundamental  reasons; 

-  distances  between  stations, 

“  character  of  route,  above  which  ggcurs  propagation  of 
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interfering  signal  (dry  land,  water  surface), 


-  climatic  conditions. 


-  special  features  of  relief. 


-  mutual  orientation  of  antennas. 


In  accordance  with  enumerated  reasons  total  attenuation 
Boxu  —  "h  — '  ^oooA  4“  Bofu  Gfla  (^)  Ggii  (6  )•  (9.2. 1) 

Here  5om  “  fundamental  losses,  i.e.,  attenuation  of  interfering 
signal  between  isotropic  antennas,  not  exceeded  during  percentages  ^ 
of  time  upon  consideration  of  tropospheric^  scattering; 

Boi  -  attenuation  of  interfering  signal,  caused  by  presence  of 
natural  obstacles  between  stations  (see  Table  9.2.1); 


Koaon  “  attenuation,  caused  by  polarizational  losses  (see  Section 
3.4),  i.e.,  not  by  conformity  to  polarization  of  interfering  signal  of 
antenna  polarization; 

Bo/ 1  =6o/H+^’o/np+eo 4.0+80 (tnp  -  attenuation  due  to  filters  and  feeders 
(see  Sections  3.1  and  3.6); 

0  '  or  -e"  -  angles  between  axis  of  major  lobe  of  antennas  of 
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terrestrial  and  ground  station  under  working  conditions  and 
straight/direct,  connecting  station; 

Goh(0")  “  antenna  gain  of  ground  station  in  direction  of 
terrestrial  station; 

Goa(Q',  “  antenna  gain  of  terrestrial  station  in  direction  of 
ground  station.  Let  us  note  that  since  the  antenna  of  terrestrial 
station  always  must  be  directed  toward  the  satellite,  the  value  of 
angle  6*,  and  consequently,  and  GaaiQ*)  prove  to  be  those  changing  in 
the  time  (with  exception  of  the  cases,  which  relate  to  the  systems 
with  the  stationary  communication  satellites).  For  the  calculations 
in  expression  (9.2.1)  snould  be  substituted  value  Co3(0').  which  will  be 
exceeded  during  ea  the  percentages  of  time. 

Page  253. 

Determination  of  values  Go,,  and  Goa  with  value  of  efficiency  of 
antennas,  which  differs  little  from  one,  can  be  carried  out  according 
to  expressions  (3.3.4)  or  (3.3.5),  and  also  using  the  curves  in  Fig. 
3.3.7.  Fig.  9.21  shows  the  exemplary/approximate  char'.cter  of 
dependence  Goa  (0'.  <p')  .  for  different  percentages  of  timt;.  On  this  graph 
is  shown  also  value  ’-.'lose  selection  is  determined  by  the 
conditions,  examined  belov  (see  Section  9.3). 

Determination  of  value  Bom  for  lan(5  routes  above  comparatively 
flat  Earth  in  moderate  and  subtropical  areas  can  be  carried  out 


DOC  »  86120416 


PAGE 


according  to  curves,  Fig.  9.2.2  and  9.2.3  [9.3].  The  curves  of  Fig. 
9.2.2  characterize  attenuation  at  the  frequency  of  4  GHz  at  the  height 
of  the  antennas  above  the  surface  of  the  Earth  50  m  and  15  m. 

For  determining  value  of  attenuation  with  distance  of  x  (km) 
between  stations  at  height  of  antennas  h^  and  hj(m)  in  Fig.  9.2.2 
should  be  taken  distance  i-x-^45—4,lVhi(M)+\^ lh(M)  km. 
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Fig.  9.2.1.  Antenna  gain  of  terrestrial  station  in  direction  of 
ground  station,  exceeded  during  %  time. 

Key:  (1).  (dB). 


50  we 
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Fig.  9.2^2.  Attenuation  of  signal  between  isotropic  antennas  at 
frequency  of  4  GHz,  not  exceeded  during  percentage  of  time  (moderate 
areas,  dry  land)  indicated. 

Key:  (1).  dB. 
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In  order  to  determine  attenuation  at  frequencies,  different  from 
4  GHz,  to  data,  obtained  from  Fig.  9.2.2,  should  be  added  values, 
found  for  appropriate  percentage  of  schedule  time  Fig.  9.2,3.  Curve 
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K,  given  in  Fig.  9.2.2,  characterizes  attenuation  of  signal  at 
frequency  of  4  GHz  during  free-space  propagation.  The  correction 
curve  for  0.01%  of  time,  given  in  Fig.  9.2.3,  is  applicable  and  for  by 
curve  A,  Fig.  3.2.2. 

If  bet'jeen  interfering  and  receiving  stations  is  natural 
obstacle,  which  is  observed  in  limits  of  angle  of  elevation  /3,  and  it 
is  located  at  a  distance  from  5  to  16  km,  attenuation  Box/  introduced 
by  this  obstruction,  can  be  found  according  to  data  of  Table  9.2.1 
[9.13. 

From  reconunendations  of  MKKR,  given  in  Section  9.1,  it  follows 
that  upon  transfer  from  hourly  mean  power  of  noises  to  power  of 
noises,  which  can  be  exceeded  during  low  percentages  of  time  (0.03  and 
C.01%),  is  allowed/assumed  increase  of  power  of  noises  into  nxamber  of 
times,  equal  to  50,000/1000=50  (17  dB).  On  the  basis  of  the  curves, 
shown  in  Fig.  9.2.2  and  9.2.3,  it  is  possible  to  conclude  that  the 
transition/ junction  from  attenuation  lengths,  which  are  not  exceeded 
in  the  long  period  (for  example,  during  50%  of  time),  to  the 
attenuations,  not  exceeded  during  0.1  or  0.01%  time,  leads  to  the 
decrease  of  attenuation  on  25-30  dB.  This  will  cause  an  increase  in 
the  interfering  signal  level  on  25 — 30  dB  and  the  corresponding 
increase  in  the  power  of  noises.  Consequently,  to  satisfy  the 
recommendation  of  MKKR  for  power  capacity  of  noises,  which  can  be 
exceeded  during  the  low  percentages  of  time,  will  be  considerably  more 
difficult  than  to  the  noises,  exceeded  during  20%  time  and  more. 
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Therefore  checking  the  fulfillment  of  the  recommendations  of  MKKR  to 

.  ' 

the  power  of  noises,  exceeded  during  0.03  and  0.01%  time,  must  be 
realized  first  of  all.  Designating  the  percentages  of  time, 
determined  by  the  recommendations  of  MKKR  through  e,  we  will  obtain 
the  condition 

e  =  e,e,.  (9.2.2) 

Here  value  ea  determines  parameter  of  curve  in  Fig.  9.2.2  and 
9.2.3,  and  ca  -  on  graph/ curve,  analogous  to  Fig.  9.2.1,  which  relates 
I  to  specific  case. 
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Fig.  9.2.3.  Correction  curves  to  graphs/curves  Fig.  9.2.2. 

Key;  (1).  Correction  (dB).  (2).  GHz. 

Page  255. 

Taking  into  account  that  according  to  Fig.  9.2.2  and  9.2.3 
attenuation  of  signal  can  be  found  only  for  discrete/digital  values 
e»,  in  accordance  with  (9.2.2)  we  obtain,  that  if  terrestrial  station 
is  receiving,  and,  consequently,  e=0.03%,  then  when  e,=0.1%  antenna 
gain  of  terrestrial  station  iniist  be  determined  for  value 

£,  =  0.3%.  (9.2.3) 

But  if  terrestrial  station  is  transmitting,  then  according  to 
recommendation  of  MKKR  value  €=0.01%.  Therefore  when  e»=0J%  the 
antenna  gain  of  terrestrial  station  must  be  determined  for 

£,  =  0.1%.  (9.2.4) 

If  during  calculations  instead  of  values  (9.2.3)  or  (9.2.4) 
average/mean  antenna  gain  of  terrestrial  station  in  direction  of 
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ground  station  will  be  determined,  then  for  determination  of  fJoM  from 
curves  of  Fig.  9.2.2  should  be  taken  value  eB=9.01%  of  time. 

During  use  of  stationary  satellites  antenna  of  terrestrial 
station  is  fixed  and  therefore  value  doa  (S')  does  not  change  in  time. 
Since  in  this  case  ea=i,  in  accordance  with  (9.2.2)  one  should  accept 
ea^e.  For  this  value  eg  according  to  Fig.  9.2.2  and  9.2.3  the  value  of 
attenuation  in  the  case  of  stationary  satellites  must  be  determined. 

During  use  of  expressions  (9.2.3)  and  (9.2.4)  it  is  necessary  to 
have  dependences,  analogous  to  those  given  in  Fig,  9.2.2,  for 
different  areas  of  terrestial  globe  when  ea— 0,1%. 
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Fig.  9.2.4. 
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Fig.  9.2.5. 


Fig.  9.2.4.  Attenuation  of  the  signal  between  the  isotropic  antennas 
at  the  frequency  of  4  GHz,  not  exceeded  during  0.1%  of  time. 

Key:  (1).  (dB).  (2).  Zone. 

Fig.  9.2.5.  Auxiliary  graph/ curve. 

Key:  (1).  Extent  of  route  in  zone  B.  (2).  Extenv  of  route  in  zone 

A.  Ci').  db. 
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Such  dependences  for  the  oscillations/vibrations  with  a  frequency  of  4 
GHz  are  given  in  Fig.  9.2.4  [9.2],  moreover: 


-  zone  A  -  corresponds  to  propagation  conditions  for 
oscillations/vibrations  along  the  dry  land. 


-  zone  D  -  to  propagation  above  the  sea  on  the  latitudes  of  more 
than  23.5*  N  or  23.5®  S, 
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-  zone  C  -  to  propagation  above  the  sea  on  the  latitudes  between 
23.5"  NL  and  23.5"  SL. 

For  deterniniTig  attenuation  at  frequency,  not  equal  to  4  GHz,  it 
follows  to  use  correction,  found  according  to  Fig.  9.2.3  at  value 
eb-0.1%.  The  value  of  correction  should  be  accumulated  with  value  Sqm, 
obtained  from  the  curves  of  Fig.  9.2.4. 


In  the  case,  if  route  between  stations  proves  to  be  mixed,  i.e., 
simultaneously  are  passed  through  several  different  zones,  calculation 
of  attenuation  can  be  conducted  approximately  with  the  aid  of 
auxiliary  graphs/curves  Fig^  9.2.5,  9.2.6  and  9.2.7  [9.2],  [9.4].  On 
these  graphs/curves  the  dependence  of  attenuation  B*  (dB)  on  the 
extent  of  route  in  each  of  two  zones  individually  is  shown, 

9,3.  Attenuation  of  the  interfering  signal  between  the  receiver  end 
the  transmitter  of  grounr  and  onboard  station. 

Total  attenuation  of  interfering  signal  between  receiver  and 
cransmittei  of  onboard  and  ground  station  can  be  determined  according 
to  expressions  (3.1.2)  and  (3.1.4)  in  accordance  with  recommendations, 
given  in  Chapter  3. 
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Fig.  9.2.6.  Auxiliary  graph/curve. 

Key:  (1).  Extent  of  route  in  zone  C,  (2).  Extent  of  route  in  zone 

A.  (3)*  ■  dB. 

Fig.  9.2.7.  Auxiliary  grrph/curve. 

Key:  (1).  Extent  of  route  in  zone  C.  (2).  Extent  of  route  in  zone 
3.  ( 3 ) .  dB. 
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Thus,  in  general  form  we  have 

=  Bo  -  i-  Bo/,,  -  Go„  (6')  -Goc  (Q")-  (9.3. 1) 

Here 

=  (9.3.2) 

L  -  distance  between  ground  and  onboard  scat ion  (m) ,  X  -  wavelength  of 
interfering  signal  (m) ,  Oo„(e')  and  Goo(e")  -  amplification  of 
ground-based  and  onboard  antenna  in  direction  -6  ’  and  6"  relative  to 
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axis  of  major  lobe. 

In  connection  with  the  fact  that  during  motion  of  satellites 
continuously  change  the  parameters,  in  {9.3.1),  obtaining 
general/common  expressions  is  difficult.  The  solution  of  specific 
problems  proves  to  be  simpler,  although  it  also  requires  sufficiently 
bulky  and  tedious  calculations. 

Principles  of  these  calculations  can  be  explained  in  examination 
of  following  two  cases: 

-  interaction  of  ground  station  and  onboard  station, 
established/installed  on  satellite,  which  moves  along  random  circular 
orbit. 

-  interaction  of  ground  station  and  onboard  station, 
established/installed  on  satellite,  which  moves  along  equatorial 
orbit. 

Interaction  of  ground  station  and  station  of  satellite,  which 
moves  along  random  circular  orbit. 
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Fig.  9.3.1.  To  conclusion/output  of  formula  (9.3.9). 

Page  258. 

Let  us  assume  that  the  satellite  with  the  nondirectional  antenna  moves 
along  the  circular  orbit,  so  distant  from  the  surface  of  the  Earth 
that  it  is  possible  a  sufficient  approximation/approach  not  to 
consider  with  its  sizes/dimensions.  This  case  is  shown  in  Fig.  9.3.1, 
where  through  MNPQ  is  designated  the  orbital  surface  of  radius  L,  in 
center  of  which  point  0  designated  the  Earth.  We  will  consider  that 
the  antenna  radiation  pattern  of  ground  station  is  characterized  by  a 
certain  angle  6,  in  limits  of  which  the  antenna  gain  exceeds  value  of 
G,  moreover  when  e=6,  G=-Gu»kc-  Tak  as  antenna  is  established/ ins  tailed 
on  the  Earth,  reception  or  transmission  of  the  signal  of  such  of 
antenna  can  be  realized  only  in  the  region,  the  located  above 
horizontal  plane,  i.e.,  only  in  region  CKME.  This  means  that  in  uhe 
random  position  of  satellite  in  the  space  the  probability  of  the 
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reception  of  signals  from  the  satellite  (or  transmission  to  the  side 
of  satellite)  with  the  antenna  gain,  which  exceeds  G,  will  be 
determined  by  the  relation  of  the  part  of  the  surface  of  sphere  CKME. 
characterized  by  angle  ©,  to  the  entire  surface  of  sphere  MNPQ,  i.e. 

Di(n  =  ^  0,5S  (CKAEM)  ^  nL(DM) 

^  '  ~  S(MNPQ)  S{MNPQ)  4nl* 

Taking  into  account  that  ^^M=L-L  cos  ©,  we  will  obtain 
p(G)- 0.25(1— cos©).  (9.3.3) 

For  determining  level  of  interfering  signals,  which  arrive  from 
different  directions,  let  us  consider  special  features  of  antenna 
radiation  pattern  of  ground  station.  We  will  consider  that  the  form 
of  major  lobes  of  the  antenna  of  ground  station  approaches. Gaussian 
carve.  In  this  case  the  probability  of  reception  or  transmission,  the 
antenna  of  signal  with  level  G  in  the  direction  ©  can  be  described  by 
expression  [9.5] 

P  (0)  -  3^)  +  (9-3.4) 

where  A,  B  and  C  -  constant  coefficients. 

We  will  consider  that  the  numerical  values  of  the  antenna  gain  are 
equal  to: 

G  (0)  lO*  O^npH  0  =  0° 

G  (0)  ^  5.  lO»0npH  0=0,7°  ■  (9-3.5) 

C(0)  =  1  0npH  0 >  20° 

Key:  (1).  with. 

Let  us  note  that  level  of  lateral  and  rear  lobes/lugs  in  region, 
where  ©>20°,  is  accepted  somewhat  greater  than  as  follows  from  Fig. 
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3.3.7,  since  the  antennas  of  ground  stations  are  usually  made  less 
thoroughly  than  the  antenna  of  terrestrial  stations,  to  which  the 
graph/curve  indicated  relates. 

After  equating  (9.3.4)  and  (9.3.3)  with  sxibstitution  of  values 
(9.3.5),  we  will  obtain  system  of  equations,  from  which  let  us  find: 

1.47.  l(r* ;  5  -  -7.61  •  ICT*  ;  C=3,03.  lO"^ . 

Page  259. 

Therefore  expression  (9.3.4)  in  limits  from  0^0^20°  will  take 

form 

P(G)  =  -  7.61 . 10-^  IgG  +  3,03. 10"' .  (9.3.6) 

Taking  into  account  uniform  mot.ion  of  satellite  along  circular 
orbit  and  assigning  different  values  for  G  in  interval  1£G^10*, 
according  to  expression  (9.3.6)  it  can  be  calculated  percentage  of 
time,  during  which  interfering  signal  will  be  received  (or 
transmitted) ,  antenna  ground  station  from  different  direciton  within 
limits  of  0<6<20“.  The  results  of  this  calculation  are  given  in  Fig. 
9.3.2. 

For  determining  analogous  dependence  in  region  of  20®^©^180‘’  let 
us  appear  as  follows. 

Analogously  with  antenna  radiation  pattern  accepted  in  Fig.  3.3.7 

we  will  consider  that 

G  (0)  =  1  OhpH  8  =  20°  I 
G(e)  =  O.l0npH  0=  180° )  ■ 


(9.3.7) 
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Key:  (1).  with. 

We  will  approximate  probability  of  reception  (or  transmission)  of 
antenna  ground  station  of  signal  in  region  of  2O®^0^18O“  in  the  form 
of  expression 

p  (G)  =  MO  (6)  +  AfG*  (6)  +  K.  (9.3.8) 

Determination  of  coefficients  of  M,  N  and  K  let  us  satisfy,  on 
the  basis  of  tv;o  conditions:  first  so  that  at  6=20®  derivatives 
expressions  (9.3.5)  and  (9.3.8)  would  not  have  gap,  and,  secondly, 
since  below  lines  of  horizon  (lower  than  plane  x-y  in  Fig.  9.3.1) 
signal  cannot  .be  received  by  antenna  station  0,  into  function  of 
density  distribution  of  probability  of  reception  of  signals  on 
boundary  with  plane  x-y  should  be  introduced  component  in  the  formi  of 
function  of  switching  on/inclusion,  equal  to  0.5.  From  (9.3.6)  we 
have 

_  10-^  ,  1  <  G  (6)  <  10*.  (9.3.9) 

da  0(0)  ^  0(e)jnl0  ^  ^ 

Key:  (1).  with. 

From  (9.3.8)  it  follows 

=  M  +  2A/G  (6).  (9.3. 10) 

Equating,  according  to  first  condition,  (9.3.9)  and  (9.3.10)  with 
value  of  G(6)=l,  let  us  find 

M  +  2N  =  -  1.47-10-^ - =  —  1.473-  IQ-* .  (9.3.U) 
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Taking  into  ac;.ount  (9«3«10)  ond  introducing,  according  to  second 
condition  function  of  switching  on/inciusion,  equal  to  0.5  we  will 


obtain 

j  [M  2N0  (e)}dG(e)  =  I  - 10.5  +  p  (G  -  1)]. 
0.1 
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Substituting  p(G=l)  from  (9.3.6),  let  us  find 

0,9AH-0,99A'  +  iC  =  0,5— 1.47*  10"“  — 3.03-10“^  =0,485.  (9.3.12) 

Taking  into  account  condition  of  equality  of  expressions  (9.3.6) 
and  (9.3.8)  with  G(©)*1  (5.e.  at  0=20®),  we  obtain 

Af  +  )y  +  /C=  1,47- 10““  + 3,03- 10~*S  15.10"^.  (9.3.13) 

Solving  together  system  of  equations  ( 9. 3.11) -(9. 3. 13) ,  let  us 

find 


Thus, 


A4  =  - 4,935 
N  =  2,46 
K  =  2,49 


(9.3.14) 


p  (G)  =  2,46G*  (6)  —  4,935G  (6)  +  2,49  when  20’  <  0  <  1 80' 


.(9.3.15) 


or.  0.1  <G(0)  .j:,  1 


The  results  of  the  calculations  of  this  value  are  given  in  Fig.  9.3.2, 


Thus,  according  to  Fig.  9.3.2  it  is  possible  to  judge 
probability  of  interfering  signal  level  at  output  of  receiving  antenna 
of  ground  station  for  different  percentages  of  time  of  observation  in 
random  position  of  satellite  in  space  and  its  motion  by  circular 
orbits. 


For  calculating  weakening  signals  according  to  expression  (9.3.1) 
value  Go„(0)  should  be  substituted  in  accordance  with  values  of  Fig. 
9.3.2.  In  this  case  in  expression  (9.3,1)  values  Go6{0")  =  l.  ^'o^..n=u. 
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since  this  conclusion/output  was  made  for  the  case  of  isotropic 
onboard  antenna  and  without  taking  into  account  polar izational  losses. 


Interaction  of  equatorial  satellites  with  ground  station.  In 
accordance  with  appendix  7  coordinates  of  the  points,  at  which  are 
established/installed  the  terrestrial  and  onboard  antennas  interacting 
between  themselves  satisfy  the  following  expressions  (without  taking 
into  account  the  refraction  of  waves): 


tgAsinS  =  tgip 

cos  [arc  cos  cos  P)  —PI 


(/?+  — 2^  COS  <p  COS  Cl. 


(9.3.16) 

(9.3.17) 

(9.3.18) 
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I  Fig.  9.3.2.  Probability  of  changing  factor  of  amplification  of 

ground-based  antenna  for  different  percentage  of  time  v/ith  circular 
orbits. 


I 


Page  261.  . 

Here  L  -  distance  between  stations, 

A  -  azimuth  of  direction  to  equatorial  satellite  for  ground 
station, 

cp  -  difference  in  longitude  of  points,  in  which  is  located  ground 
station  and  equatorial  satellite, 

S  -  geographic  latitude  of  point  of  ground  station  k={R/R+K), 


!R  and  H  -  radius  of  Earth  and  orbit  altitude  of  satellite  above 
surface  of  Earth  respectively. 


On  the  basis  of  expressions  (9.3.16)-(9.3.18)  it  is  possible  to 
determine  geographical  reference  of  interacting  stations  and  distance 


DOC  =  86120417 


PAGE 


4 


between  them,  and  then  to  calculate  weakening  and  value  of  interfering 
signal.  The  antenna  gain  of  ground  station  during  these  calculations 
should  be  detei.nined  for  the  direction,  which  with  respect  to  the 
fundamental  antenna  bearing  (to  the  axis  of  the  major  lobe  of 
radiation  pattern)  composes  the  following  angles:  along  the  azimuth 

=  (9.3.19) 

on,  to  angle  of  elevation 

Po  =  P“Pa-  (9-3-20) 

Here  /Ia  and  (Ia  -  azimuth  and  the  angle  of  elevation  of  the  antenna  of 
ground  station. 


It  is  obvious  that  for  purposes  of  decrease  of  interferences  it 


is  necessary  so  to  orient  antennas  of  ground  stations,  in  order  to 
value  Aa  and  Pa  as  greatly  as  possible  differed  from  analogous  values, 


entering  expressions  (9.3.16)  and  (9.3.17). 


Amplification  of  onboard  antenna  must  be  located  for  direction, 
determined  by  straight  line,  that  connect  point,  at  which  at  moment  of 
time  in  question  is  located  satellite,  with  point,  where  ground 
station  is  located.  Its  coordinates  are  characterized  by  latitude  $ 
and  iongitude/iength,  which  differs  from  the  longitude/length  of 
satellite  by  value  o. 


It  is  obvious  that  in  general  case  during  motion  of  satellite 
will  change  position  of  plane  of  polarization  of  interfering 
oscillations/vibrations,  and  also  values  H,  <p,  A,  jS,  L  and  antenna 
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gain  in  direction  of  propagation  of  interfering  signal.  A  change  in 
the  interfering  signal  level  in  the  time  with  the  repetition  period, 
equal  to  the  circling  time  of  satellite  along  the  equatorial  orbit, 
will  be  the  consequence  of  this.  The  calculation  of  a  change  in  the 
interfering  signal  level  in  the  time  can  be  carried  out  for  the 
specific  cases  upon  consideration  of  the  given  formulas. 

In  the  case  of  stationary  satellite  of  value  H,  <p,  A  and  )3  they 
will  be  constant/invariable  in  time  and  therefore  interfering  signal 
level  at  input  of  receivers  will  remain  constant. 

Page  262. 

Calculated  relationships/ratios  for  the  communication  system,  which 
uses  stationary  satellites,  can  be  obtained  of  (9.3.16)-{9.3.18) ,  if 
we  consider  k=0.151,  and  R+H*=42400  km.  In  this  case  with  fi-0  without 
taking  into  account  the  phenomenon  of  refraction  are  obtained  the  very 
simple  expressions: 

CCS  A  0,15ItgS  i9.3.2l) 

C0S9  =  (9.3.22) 

COSv 

Z.S42-10* /uj.  (9.3.2.3) 

From  (9.3.21)  and  (9.3.22)  it  follows  that  with  /3=0  with 
stationary  satellites  they  can  interact,  creating  interferences, 
ground  station,  which  are  located  within  limits  of  latitudes  $=±82°20. 

Thus,  one  stationary  Earth  satellite,  with  width  of  radiation 
pattern  of  receiving  antenna  of  approximately  17®  (see  Section  2.2), 
can  prove  to  be  that  subjected  to  interfering  effect  of  very  large 
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number  of  ground  stations. 

Is  correct  reverse/inverse  position  -  stationary  satellite,  which 
has  transmitting  antenna  with  width  of  radiation  pattern  approximately 
17®,  can  create  interferences  with  those  ground  stations,  whose 
coordinates  and  azimuth  of  major  antenna  lobe  satisfy  expressions 
(9.3.21)  and  (9.3.22)  or  more  exact  expressions  (9.3.16)  and  (9.3.17). 
Let  us  again  focus  attention  on  the  fact  that  all  these  expressions 
are  approximate,  since  in  them  the  phenomenon  of  refraction  is  not 
considered. 


9.4.  Possibility  of  applying  one  and  the  same  frequencies  in 
different  communication  systems,  which  use  ISZ  [artificial  earth 
satellite] . 


Question  about  work  of  several  communication  systems  through  ISZ 
in  one  and  the  same  frequency  bands  is  very  important,  since  its 
solution  determines  economical  utilization  of  frequency  bands.  It  is 
completely  obvious  that  in  this  case  the  supplementary  interferences 
with  both  the  radio  relay  lines  and  with  communication  systems  through 
ISZ  can  arise. 


Let  us  examine  first  group  of  satellites,  moving  relative  to 
Earth  and  which  relate  to  one  system,  in  which,  for  guaranteeing 
continuity  of  connection/communication,  switching  antennas  (see  Fig. 
1.1.3)  is  fulfilled.  In  this  system  the  part  of  the  satellites  can 
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provide  the  connect ion/coimnuni cat  ion  between  the  stations,  which  are 
found  on  one  territory  (for  example,  in  the  western  hemisphere  of  the 
Earth),  whereas  another  part  of  the  satellites  vill  be  'etilized  for 
the  realization  of  the  connect  ion/ communication  between  the 
terrestrial  stations,  arranged/located  on  another  territory-  With  the 
transit  of  satellites  switching  the  antennas  of  terrestrial  stations 
is  realized.  It  is  obvious  that  :n  the  described  case  all  satellites 
can  work  both  in  the  overall  frequency  band  and  in  different. 

Page  263. 

Another  case  -  group  of  satellites,  which  relate  to  different 
communication  systems.  An  essential  difference  in  this  case  from  the 
first  is  the  fact  that  for  the  satellites  of  different  communication 
systems  different  orbital  parameters  will  be  selected,  whereas  for  the 
satellites  of  one  communicai:ion  system  it  is  more  expedient  to  utilize 
identical  orbits  and  completely  specific  distribution  of  satellites  in 
the  space.  Therefore  the  probability  of  the  simultaneous 
entry/incidence  of  the  communication  satellites  of  different  systems 
into  the  space,  which  is  located  in  the  region  of  the  major  lobe  of 
the  radiarion  pattern  of  the  receiving  or  transmitting  antennas 
terrestrial  station,  will  prove  tc  be  greater.  Upon  the  sim.altaneous 
entry/incidence  of  several  satellites  into  the  ray/beam  of  one  antenna 
is  unavoidable  the  onset  of  interferences,  especially  in  that  case,  if 
satellites  work  in  one  frequency  band. 


Thus,  although  both  that  and  other  cases  of  work  of  satellites  to 
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some  frequencies  lead  to  identical  conclusions  about  possibility  of 
interferences,  nevertheless  probability  of  interferences  in  first  case 
is  less. 

One  should  note  also  that  communication  systems,  in  which 
stationary  satellites  are  distant  from  each  other  up  to  angular 
distance,  exceeding  width  of  radiation  pattern  of  major  lobe  of 
terrestrial  antennas,  can  work  in  one  and  the  same  frequency  bands 
without  considerable  interferences. 

For  evaluation/estimate  of  order  of  magnitudes  let  us  find 
permissible  angular  distance  6  between  stationary  satellites  Cj  and 
C,,  counting  antenna  radiation  pattern  of  symmetrical  in  space.  Let 
stations  A  and  A  (Fig.  9.4.1)  support  between  themselves 
communication,  utilizing  the  stationary  satellite  Cj.  Therefore  to 
side  Cl  the  major  lobe  of  the  antenna  radiation  pattern  of  station  A 
with  the  angle  of  elevation  /3  is  directed. 


Fig.  9.4.1.  To  determination  of  pernissible  angle  between  stationary 
satellites. 

Pace  264. 

:# 

We  will  consider  that  the  maximxam  antenna  gain  of  terrestrial  station 
A  comprises  G^kc  (dB),  but  for  antijamming  from  satellite  the 
necessary  difference  in  the  amplification  of  this  antenna  in  direction 
Cl  and  Cj  must  comprise  not  less  than  R,  dB.  Thus,  it  is  necessary  to 
determine  angle  6  from  the  condition  that  to  the  satellite  are 
directed  the  minor  lobes  of  the  antenna  of  terrestrial  station  with 
the  level,  which  differs  to  value  Gm.kc— from  the  amplification 
of  isotropic  antenna. 

From  Fig.  9.4.1  we  have 

CjACj  =  ©• 


Line  A'A  is  horizontal  to  point  A;  therefore: 
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C^O  =  ^  IV  Ho  p  +  -<4  Ci^Cj  =  —  -j-  0  +  p, 

=  n- 4  = -^-(a-fl  +  P  +  0). 

Utilizing  theorem  of  sines  for  OC^H,  after  conversions  let  us 

find 

cos  (a  —  6  +  p  +  0)  =  cos  (P  +  0)  +  --^~cos  (p  +  0).  (9.4. 1) 

Considering  /3=5‘’,  on  the  basis  of  expressions  (2.2.1)  and  (2.2.2) 
we  will  obtain  a=76°20'.  Accepting  maximirai  antenna  gain  equal  to  50 
dB,  and  the  necessary  difference  in  the  antenna  gain  in  direction  Ci 
and  C,,  equal  to  R=45  dB,  on  the  basis  Fig.  3.3.7  let  us  find  0=14“ . 
After  substitution  in  (9.4.1)  we  will  obtain  the  value  of  the  unknown 
angle  5=13"40'. 

If  we  under  the  same  conditions  consider  that  amplification  of 
terrestrial  antenna  is  60  dB,  then  value  of  6=5°.  In  the  case,  when 
antenna  gain  is  equal  to  50  dB,  and  difference  in  the  amplification  in 
directions  Cj  and  C,  must  be  30  dB,  value  of  5s3°. 

Let  us  note  that  value  of  angle  6,  found  from  expression  (9.4.1), 
is  approximate,  since  in  given  examination  refraction  and  errors  in 
orientation  of  antennas  is  not  considered.  Nevertheless  the  given 
calculations  show  that  the  use  of  one  and  the  same  frequency  bands  for 
different  stationary  satellites  is  possible  with  their  diversity  up  to 
the  appropriate  angular  distances. 

9.5.  Coefficient  of  weakening  interference. 
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Coefficient  of  weakening  of  interference  (KOP) ,  determined  by 
expression  (9.1.3),  shows,  how  much  varies  ratio  of  average/mean  power 
of  useful  signal  Pc  to  power  of  interfering  with  simultaneous 
passage  of  these  signals  from  input  of  radio  receiving  equipment  to 
output  of  communication  channel. 

Page  265. 

During  the  transmission  of  multichannel  telephone  signal  value  Qoi,ix, 
entering  in  (9.1.3),  is  defined  at  the  output  of  telephone  channel  at 
point  with  the  zero  relative  level  as  the  ratio  of  the  power  of 
experimental  tone  (1  mW)  to  the  psophometric  power  of  the  interfering 
signal. 


Calculation  of  KOP  can  be  brought  to  determination  of  change  in 
relation  of  energy  spectra  of  useful  and  interfering  signal  at  input 
of  receiver  and  output  of  channel.  During  the  determination  of  value 
K  for  purposes  of  simplification  in  the  analysis  the  thermal  noises  at 
the  input  of  receiver  is  not  considered;  at  the  same  time  it  is  always 
intended  that  inequality  (9.1.4)  is  fulfilled.  This  means  that  during 
the  determination  of  KOP  the  conditions  are  observed: 


^C*X  ^MBX  ' 


(9.5.1) 


where  and  “  voltage  of  the  fundamental  and  interfering 

signal  on  the  input  of  receiver.  During  the  determination  of  KOP  it 
is  assxamed  that  width  of  band  of  receiver  exceeds  the  width  of  the 
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spectrum  of  the  interfering  signal;  therefore  the  selective  elements 
of  receivers  are  not  considered.  Thus,  in  accordance  with  (9.5.1)  we 
will  count 

X  =  -?»■"  ^  jPcBiii  .  _5cbj_  ^9  5  2) 

QbX  P MBUX  ^ .  >,X 

Ratio  of  average/mean  power  of  signal  to  average/mean  output 
power  of  interference  can  be  expressed  through  relation  of  spectral 
power  of  signal  and  interference.  For  the  determination  of  the  latter 
should  be  preliminarily  determined  the  correlation  function  of  the 
total  osciilatio-'./vibration,  formed  by  the  fundamental  and  interfering 
signal.  The  computation  of  correlation  functions  and  spectral  power 
of  total  signal  for  some  special  cases  of  ChM  oscillations/vibrations 
is  carried  out  in  the  series/row  of  the  articles,  io  the  bases  from 
which  one  should  relate  [9.6,  9.7,  9.8,  9.9].  The  results,  obtained 
in  these  articles,  show  that  with  the  reception  of  fundamental  signal 
the  effect  of  the  interfering  signal  can  be  considered  as  interaction 
between  the  spectra  of  these  signals  and  interaction  of  carriers. 
Especially  noticeably  interference  of  interference  precisely  in  second 
case  [9.7,  9.8].  In  connection  with  this  for  decreasing  interferences 
with  ChM  it  is  necessary  to  prevent  the  possibility  of  the 
concentrated  emission  of  energy  in  the  narrow  bands. 
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Fig.  9.5.1.  To  determination  of  KOP. 

Page  266. 

For  this  it  is  necessary  to  resort  to  the  special  measures  (see 
Section  9.7),  which  ensure  scattering  (dispersion)  for  carrier  output 
in  the  wide  frequency  spectrum  in  such  cases,  when  the  modulating 
voltage  (for  example,  with  the  decrease  of  a  nxjimber  of  transmitted 
conversations)  is  absent.  Let  us  note  that  for  the  communication 
systems  through  ISZ  of  MKKR  [International  Radio  Consultative 
Committee]  he  recommends  to  introduce  the  dispersion  of  the  carrier 
output  frequency  and  therefore  the  normalization  of  radiated  power  is 
conducted  for  the  frequency  band,  equal  to  4  kHz  (see  Section  9.1). 

Since  soon  in  communication  systems  through  ISZ  and  in  majority 
of  main-line  radio  relay  lines  will  be  utilized  ChM 
oscillations/vibraitions,  cases  of  interaction  of  fundamental  and 
interfering  signal  with  frequency  modulation  are  of  greatest  interest. 

Frequency  modulation  of  oscillations  of  both  signals.  In  this 
case  the  calculation  of  KOP  according  to  the  formulas,  of  the 
enxjmerated  above  articles,  leads  to  the  very  ciimbersome  calculations, 
but  the  tables  and  the  g raphs/ curves ,  given  in  these  works,  .do  not 


DOC  =  86120417 


PAGE  ^-3?C 


encompass  some  cases  of  interferences,  which  are  obtained  with  the 
work  in  one  frequency  band  of  RRL  and  communication  systems,  which  use 
ISZ. 


Therefore  below  for  calculations  of  KOP  in  the  case  of  ChM 
oscillations  are  given  simplified  formulas,  based  on  work  [9.11], 
utilized  in  documents  of  MKKR  [9.1,  9.12]. 


Simplification  in  these  formulas  is  connected  in  essence  with  the 
fact  that  with  frequency  modulation  of  oscillations  for  communication 
systems  through  jlSZ  are  accepted  sufficiently  large  indices  of 
modulation,  with  v;hich  distribution  of  power  of  ChM  oscillations  along 
spectrum  corresponds  to  Gaussian  distribution. 


With  frequency  modulation  of  fundamental  and  interfering  signal, 
when  for  radio  relay  lines  and  communication  systems  through  ISZ 
spectral  distribution  of  power  is  subordinated  to  normal  law,  value  of 
KOP  can  be  determined  according  to  expression 


=  —  lOlg- 


AFk 


2A/I  / 


(jp±M\ 
2&fl  ) 


(9.5.3) 


Page  267. 

Here  F„  -  frequency  in  group  spectrum  of  fundamental  received 


signal,  MHz, 
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AfK=  0,0031,  MHz  -  width  of  band  of  telephone  channel. 

W  -  coefficient  of  predistortions  (see  page  191). 

A/„  -  effective  deviation  of  frequency  with  transmission  of 
experimental  tone  along  primary  system  (not  interfering),  MHz. 

if  fcp,  A/mcp  -  effective  deviation  of  frequency  during  the  transmission 

of  the  examined  number  of  telephone  channels  along  the  primary  system 
of  communications  (index  "c")  and  on  that  interfering  (index  "m"), 
determined  in  accordance  with  expression  (7.3.7)  for  A/cp  (MHz). 

/p  -  separation  between  carrier  frequencies  of  systems  (MHz)  in 
question. 

In  the  case,  vheri  value  of  separation  between  carriers  /p=0, 
expression  (9.5.3)  are  simplified.  In  this  case  the  calculation  of 
KOP  for  Fk=^f-  can  be  carried  out  according  to  the  expression 


Here  W,  -  coefficient  of  predistortions  for  upper  channel  with 
frequency  F^;  a/i  ~  MHz. 

Calculations  according  to  expression  (9.5.5)  show  that  value 
for  communication  systems  through  ISZ  is  determined  by  values,  given 
in  Table  9.5.1  and  virtually  it  does  not  depend  on  number  of  channels 
of  RRL,  if  it  is  small. 
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Mbcjio  x'iuanoB  b 

OKOno 

240 

_l5) 

[ 

cMcreMe  cbksu 
qepea  HC3  ^ 

300 

600 

1200 

^  ^  1 

_ Ll) _ ! 

33,5 

32,4 

29.7 

28,0 

Key;  (1).  Number  of  channels  in  the  communication  system  through 
ISZ.  (2).  about.  (3).  dB. 

Page  268. 

Remaining  values,  entering  given  formulas,  take  following  form; 

(/p-^2)'' 


^ -L 

2  \ 


2a£ 


ap  J 


+  exp 


-(/p  +  fn)* 


2A/i 


ccp 


(9.5.10) 


Z,= 


1  exp(--PM)£>M 


2l/'rt 


2f* 


6  I 

J  exp  (—  ;c*)  djc  +  J  exp  (—  x'‘‘)  dx  \  ,  (9.5. 1 1) 

ia  e  ] 

J?2  J?< 

^2ii  ^2c 

a  _  — fp  —  ^  _  — /p~Hf8M  +  <'v  . 

/^A/ccp  ’  VTa/ccp 

c  =  — /p~^«M~fic  .  ^  _  — /p  +  f««l — 

/2A/«p  ’  I^A/ccp 


where  Fzm  ~  fTeqaencY  of  upper  channel  in  group  spectrum  of 
interfering  system, 

Fm  -  average  frequency  of  channel  in  group  spectrum  of  primary 
communication  system. 


In  Appendix  8  in  the  form  of  tables  are  given  results  of 
calculations  of  KOP  for  communication  systems  through  ISZ  and  for  RRL, 
carried  out  according  to  expression  (9.5.6)  with  different  number  of 
channels  in  these  systems  and  different  detuning  between  carrier 
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frequencies.  Data  of  these  calculations  for  the  coimnunication  systems 
through  IS2  coincide  with  values  of  Table  9.5.1.  Laboratory 
measurements  shoved  that  values  given  in  )^ppendix  8,  differ  from 
those  measured  not  more  than  by  4-6  dB  for  the  upper  channels  and  they 
coincide  well  for  lower  channels  [9.13].  In  these  measurements  the 
fact  that  during  the  removal/taking  of  modulation  in  systems  RRL  the 
interference  in  the  upper  part  of  the  group  spectrum  (534-550  kHz) 
grew/rose,  focuses  attention,  this  contradicts  theoretical 
examination.  With  the  separation  of  the  carrier  frequencies  the 
removal/taking  modulation  led  to  reduction  in  the  interference  to  the 
value  less  than  the  calculated. 

Let  us  note  that  with  substitution  of  value  into  expression 
(9.1.4)  should  be  taken  smallest  value  k^,  found  for  specific  case  in 
question,  since  precisely  smallest  value  in  accordance  with  (9.1.4) 
will  correspond  to  worst  case. 

During  transmission  of  television  program  determination  of  value 
of  KOP  is  given  in  work  [9.14]  for  case,  when  interference  is  created 
by  system  of  communications,  which  uses  ISZ,  during  transmission  of 
telephone  conversations  along  1200  channels  with  effective  value  of 
deviation  of  frequency  of  7.5  MHz.  The  results  of  calculation  for 
the  television  channel  of  RRL  with  the  band  5  MHz  taking  into  account 
of  predistortions  and  weighing  filter  are  given  in  Fig.  9.5.2  in  the 
form  the  curve  A. 


Page  269. 
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From  the  examination  by  this  curve  it  follows  that  with  a  change  of 
the  separation  between  carriers  fp  within  the  limits  to  ±10  MHz  value 
of  KOP  changes  little.  Curve  B  in  Fig.  9.5.2  characterizes  calculated 
change  of  KOP  for  the  channel  of  chromaticity ,  which  occupies  band 
from  3.5  to  5.5  MHz. 

In  the  case,  when  interfering  signal  from  ISZ  is  not  modulated, 
but  is  realized  dispersion  of  energy  of  carrying,  KOP  radio  relay 
communication  system,  along  which  transmission  of  television  is 
realized,  it  is  characterized  by  curves  B  (channel  0-5  MHz)  and  r 
(channel  of  chromaticity  with  band  3. 5-5. 5  MHz).  In  this  case  it  was 
accepted  that  the  interfering  signal  has  the  uniform  frequency 
spectrum,  which  lies  on  400  kHz  on  both  sides  from  the  carrier.  The 
examination  of  the  curve  r  of  Fig.  9.5.2  leads  to  the  conclusion  that 
in  the  narrow-band  interfering  system  and  with  the  separation  between 
carriers  on  the  order  of  4.5  MHz,  which  corresponds  to  the  middle  of 
the  band  of  the  channel  of  chromaticity,  value  of  KOP  sharply  is 
reduced,  which  can  lead  to  an  increase  in  the  interferences. 

Code-pulse  modulation.  The  theoretical  relationships/ratios, 
which  determine  the  appearance  of  noises  or  errors  in  the  channels  of 
system  with  KIM  from  the  interfering  signal  in  the  various  forms  of 
modulation  it  is  located  in  the  stage  of  investigations. 

Approximately  in  this  case  it  is  possible  to  consider  that  the 
appearance  of  errors  in  channels  with  KIM  with  the  four-phase  carrier 
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modulation  is  determined  by  the  dependence  Fig.  9.5.3  [9.1].  During 
calculations  it  was  accepted  that  the  interferences  have  Gaussian 
distribution. 
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Fig.  9.5.2.  Dependence  k„  during  transmission  of  television  on 
separation  between  carriers. 

Key:  (1).  MHz. 

Page  270. 

For  obtaining  the  errors  of  order  10‘‘  according  to  Fig.  9  5.3  should 
be  had  a  value  Q,x=il  ‘i®?  however,  as  experiments  are  shown,  it  is 
expedient  to  have  a  reserve  not  less  than  3  dB.  Thus,  for  obtaining 
the  errors  not  more  than  10"*  it  is  necessary  to  have  a  value  Qbx=14 
dB,  This  value  Qa,  there  must  not  exceed  the  assigned  percentage  of 
time  in  the  course  of  the  month. 

Calculation  of  interferences  from  systems  with  angle  modulation 


proves  to  be  very  complicated.  Some  special  cases  are  given  in  works 
[9.15,  9.16], 


,iikl^’&,‘fei 
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Systems  with  OBP.  Interferences  with  system  with  OBP  can  be 
calculated,  comparing  the  spectral  power  density  of  the  interfering 
signal,  undertaken  in  the  band  of  the  corresponding  channel  of  system 
with  OBP,  with  the  power  of  tba  recei<  ‘=d  signal  of  system  with  OBP, 
undertaken  in  the  same  frecuency  band. 


Interferences  f*. cm  system  with  03?  x.o  frequency-modulation  system 
approximately  can  be  calculated,  considering  signal  from  system  with 
OBP  as  thermal  noise.  Thus,  adding  the  power  of  the  signal  of  system 
with  OBP  to  the  thermal  noises,  which  affect  the  input  of  receiver,  it 
is  possible  to  obtain  the  value  of  total  noises  in  appropriate 
telephone  channels  according  to  expressions  (7.5. 1)  and  (7.3.2). 
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Fig.  9.5.3.  Dependence  of  error  in  binary  systems  on  value  Q.i 
Key:  (1).  dB, 


9.6.  Determination  of  coordination  distance. 


In  Section  9.1  it  was  noted  that  for  determination  of 
coordination  distance  expression  (9.1.6)  can  be  used.  Sxibstituting 
(9.2.1)  in  (9.1.6),  we  will  obtain  the  general/common  expression  in 
the  form 

^ou  —Qa*  PflO  "T  ^OJ  *0  +  P gOM  Bqx  +  Pg/,.  +  Gga  (B  )  -1- 

+  6o,(e").  (9.6.1) 

Here  value  Bat  is  determined  in  accordance  with  (3.1.2)  or 
(3.1.4),  value  /Ca  is  located  according  to  Section  9.5,  and  remaining 
x^alues  are  determined  in  Section  (9.1)  and  (9.2). 
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One  should  note  that  if  values  «,  and  Qoa  are  determined  for  band 
with  width  of  4  kHz,  power  of  transmitters  Puu  and  Pum  also  must  be 
related  to  band  4  kHz.  During  calculations  of  coordination  distance 
for  the  system,  by  which  are  transmitted  telephone  signals,  should  be 
considered  expression  (9.1.7). 

After  determination  according  to  expression  (9.6.1)  of  value 
using  graphs/curves  Fig.  9. 2. 2-9. 2. 6,  it  is  possible  to  find 
coordination  distance. 

Let  us  examine  determination  of  coordination  distance  for  case  of 
interferences  with  terrestrial  station  at  frequency  of  4  GHz  from 
radio  relay  line  with  given  value  Qoa=40,5  dBo  during  0.0j%  of  any 
month  at  unweighted  power  of  noises  in  band  of  telephone  channel. 
During  calculations  let  us  accept  the  values,  given  inTable  9.6.1. 

Taking  into  account  that  on  terrestrial  station  act  three 
stations  RRL  nonsimultaneously ,  we  obtain,  that  value  from  one 
station  must  be  observed  for  time,  half  less  than  given  one,  i.e.,  for 
0,01%.  Since  the  antenna  gain  in  0.1%  of  time  of  any  month,  weakening 
signal  must  obtained  be  found  in  0.3%  of  time;  however,  due  to  the 
absence  on  Fig.  3.2.2  of  corresponding  curve  we  will  determine 
coordination  distance,  using  curve  for  0.1  %  time. 


{® 


m 
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Table  9.6.1. 


llltpUMCTpU 


0) 


l}if;iH<iMiiii 

-OD- 


:5/Miie;io  pii;iiiopwicfiiiux  CTdiiwiri,  cojAaiomiix  uoinexH 

(4jMoimiocTb,  iiaiiyiaeMafl  Kiiwjioii  craiiuHefi  PPJl  b  cropoHy  3eM- 
iioH  craHUHii, — MaKciiMiiabiiuii.  IIo'jiomv,  eorjiaciio  paKuMeiiAamiii 
/  MKKP  (cm.  paiA.  9.1)  Pqiim  I-  Go„(H'^) 

'«)  MoiUHOcTb  dopiouolO  iieptAaTMMKa 

/"l)  SaTyxaiiiie  MewAy  iiepeAaTWHKOM  h  uxoaom  aexiuoro  npweMbHKa 
copAacHo  (7,7.5)  Bflv 

C^)  SaTyxaiiHc  Meuiaiomero  ciiriia;ia  u  4)HAepax  u  4)iiAbTpax  iiepeAar- 
MiiKa  PPJI  11  npHCMiiiiKa  acMiioi'i  CTaiimiHii 

ycHAeHiie  aiiTeHHbt  aeMiiofi  <TaHmm  u  iianpatwieHHH  paAiio|ie;;efi- 
^Hbix  CTaimiiii  u  leMOHHe  0,1%  upcMwiii  AioOoro  Mectiua  0'o3(H') 

//I'jrioAHptiaauitoiuibie  norepii  /f,,  noa 

('(i')nOTepH  33  C'lUT  3Kpaillip0uaHHll  MeCTHOCTH  Bo, 

flj)MHcAo  TeneijwHHbix  KaHa.'ioa,  nepcAaeaeMUx  no  paAnopeAerinou 

AHHBH 

(/‘{Iihcao  Kana.ioB  cHCteMU  caasn  qepea  HC3 
I  P  -3HOC  neeymMX  nacror  A  /p 

IMacTora  rpynnoaoro  cneKipa,  na  Kotopofi  onpeAtAaetca 


3 


55  doom  fO 
la  ddsm 


127,2  Bo  (s'* 


J 


3  du  (^ 


20  dS  ^ 
3  06^ 
4  do 


(l^\ 


600 

600 

0 

2  Afa«  Cn) 


Key;  (1).  Parameters.  (2).  Value.  (3).  Nxomber  of  radio-relay 
stations,  which  create  interferences.  (4).  Power,  emitted  by  each 
station  RRL  in  direction  of  terrestrial  station,  maximimi.  Therefore, 
according  to  the  recommendation  of  MKKR  (see  Section  9.1)  ....  (5). 

dBW.  (6).  Power  of  onboard  transmitter.  (7).  Attenuation  between 
transmitter  and  input  of  terrestrial  receiver  according  to  (7.7.5) 

....  (8).  dB.  (9).  Fading  interfering  signal  in  feeders  and 

filters  of  transmitter  RRL  and  receiver  of  terrestrial  station  .... 
(10).  Antenna  gain  of  terrestrial  station  in  direction  of  radio-relay 
stations  during  0.1.%  of  time  of  any  month  ....  (11).  Polarizational 

losses  ....  (12).  Losses  due  to  shadowing  of  locality/terrain  Boa. 

(13) .  Number  of  telephone  channels,  transmitted  by  radio  relay  line. 

(14) .  Nimiber  of  channels  of  communication  system  through  ISZ.  (15). 
Separation  of  carrier  frequencies:.  (16).  Frequency  of  group 
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spectrian,  at  which  it  is  determined:.  (17).  MHz. 

Page  272. 

Determination  ol  a ^  must  be  conducted  according  to  expressions 
(9.5.3),  (9.5.5)  or  (9.5.6).  Considering  it  possible  for  the  present 
instance  to  use  (9.5.6),  in  accordance  with  appendix  8  (Tabl.  n.  8.2) 
we  have  a: 6=30. 3  dB. 

After  substitution  of  enumerated  values  into  expression  (9.6.1) 
we  find  for  0.1%  of  time 

Bo- =  183,4  — 3,6s  180  dB. 

Value  -  3.6  dB  is  determined  by  transit ion/ junction  from  one  band 
4  kHz  to  the  next  3.1  kHz  according  to  (9.1.7)  and  by  account  of 
psophometric  filter. 

In  accordance  with  graphs/curves  Fig.  9.2.4  in  terms  of  obtained 
value  Bom  can  be  determined  value  Lmhh=170  km,  which  will  be 
coordination  distance.  In  the  case,  if  between  RRL  station  ana 
terrestrial  station  route  will  pass  not  along  one  zone,  but  on  two, 
value  L  (km)  must  be  determined  according  to  the  graphs/curves  Fig. 

9. 2. 5-9. 2. 7.  Analogous  with  the  given  example  can  be  designed 
coordination  distances,  also,  for  other  cases. 


9.7.  Dispersion  of  power  along  the  spectrum. 
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In  Section  9.1  it  was  noted  that  for  purposes  of  reduction  in 
interferences  by  recommendations  of  MKKR  for  communication  systems, 
which  use  ISZ,  is  normalized  radiated  power  or  density  of  pov;er  flux 
in  frequency  band,  equal  to  4  kHz.  Let  us  examine  conditions,  with 
which  can  be  fulfilled  this  recommendation  in  the  case  of  the 
communication  systems  with  the  frequency  modulation  of  oscillations. 

During  transmission  of  telephone  conversations  level  of 
multichannel  signal,  by  which  is  realized  frequency  modulation  of 
oscillations,  can  vary  in  considerable  limits  -  from  maximum,  which 
corresponds  to  busy  hour,  to  zero  -  when  conversations  are  absent. 

The  latter  leads  to  the  decrease  of  the  deviation  of  frequency,  the 
reduction  of  the  occupied  frequency  band,  and  consequently,  to  an 
increase  in  the  power  of  oscillations  at  the  carrier  frequency.  Since 
with  the  frequency  modulation  the  power  of  the  emitted  oscillations  is 
constant  and  does  not  depend  on  amplitude  or  spectrum  of  the 
modulating  signal,  change  in  the  occupied  frequency  band  will  lead  to 
the  fact  that  the  power  of  ChM  oscillations,  in  reference  to  any  band 
of  frequencies  (for  example,  to  the  frequency  band  with  a  width  of  4 
kHz),  will  change  in  the  dependence  on  the  value  of  charging. 

Therefore  value  Poum  in  expression  (9.1.5)  can  substantially  increase. 

This  will  lead  to  decrease  Qozuxs  to  inadmissibly  high  values  of 
interferences. 


Page  273. 
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During  transmission  of  television  image  is  obtained  somewhat 
different  position.  In  this  case  the  exchange  of  the  subject  of  inage 
leads  to  a  change  in  the  spectrum  of  the  modulating  signal,  and 
consequently,  to  a  change  in  width  of  band  of  ChM  oscillations. 
However,  even  in  the  absence  of  picture  signal  (for  example,  during 
the  transmission  only  of  the  level  of  white  or  level  of  black)  TV 
signal  contains  the  signal  of  synchronization,  which  consists  of  the 
pulses  of  synchronization  and  extinguishing  pulses/momenta,  which 
realize  a  change  in  the  frequency  in  accordance  with  Fig.  9.7.1a, 
i.e.,  within  the  limits  from  the  frequency  a>j  (corresponding  to  white 
level),  to  0),  (determining  the  transmission  of  the  apexes/vertexes  of 
timing  pulses).  The  same  figure  gives  the  values  of  some  parameters 
of  TV  signal.  Let  us  note  that  according  to  the  standard,  accepted  in 
the  USSR,  the  repetition  period  of  line  timing  pulses,  the  duration  of 
the  extinguishing  pulses  and  their  clock  frequency  are  equal  to  the 
following  values: 


T  =  6i  MKceK 

T  1 !  MKceK  ^  ^ 

Q  i  f’')  ■ 

/r  ii  =  JL  =  15625  ' 

2n  r  ) 


(9.7.1) 


Key:  (1).  us.  (2).  Hz. 


Let  us  find  value  of  components  of  oscillation, 
frequency-modulated,  with  transmission  of  level  of  white  and  the 
presence  only  of  line  pulses/momenta.  Since  change  the  phases  o  and 
the  frequency  u  are  connected  with  relationship/ratio  m=  (  (,„//  on  the 
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basis  Fig.  9.7.1  it  is  possible  to  record 

npH  0  <  /  <0,!t  i 
f  =  (1)3/  -t-  0,lr  (o)j  — (02)®npH  0,1  <  i<0,55T  | 
f  =  lOjj  <  -r  0,5t  (<1)3  —  (Oji)  ®  npii  0,55t  <  /  <  t  | 
f  =.=  I  -1-  0,5r  ((O3  i-  a,  —  2a,)®i’.i)ii  | 

Key:  (1),  with. 


This  change  in  phase  is  given  in  Fig.  9.7.1b.  ChM  oscillation 
can  be  recorded  in  the  form 

H i/fl sirup.  (9.7.3) 

Representing  this  oscillation  in  the  form  of  series/row 

CO 

u  =t/o  + 

it  is  possible  to  find  values  C,,  and  ipk: 

tg‘pK  =  ^.  (9.7.4) 

r 

a*  —  —  j  sin<pcos«Q/d/. 
b 

T 

sincpsin/cQ/d^ 


(9.7.2) 

(9.7.2) 


(9.7.5) 
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This  method  of  determining  the  components  ChM  of  signal  is  not 
complex,  but  it  requires  the  high'  expenditure  of  time  for 
calculations.  If  we  take  into  account  that  during  the  transmission  of 
video  signals  in  the  communication  systems  through  ISZ  EhC3  - 
artificial  earth  satellite]  and  in  RRL  the  spread/scope  of  a  change 
in  the  frequency  composes  several  MHz,  then  for  the  determination  of 
the  components  of  ChM  oscillatxon/vibration,  modulated  in  accordance 
with  Fig.  9.7.1a,  it  is  possible  to  use  simpler  and  more 
demonstrative  method. 

This  method  is  based  on  the  Blackman-Middleton  theorem  [9.18]: 
energy  spectrum  of  ChM  oscillation  with  very  large  indices  of 
modulation  in  the  case  of  transmission  of  stationary,  determined  or 
serrated  signals  is  proportional  to  probability  density  of  modulating 
process . 

In  case  in  question,  if  Ui-coj  (see  Fig.  9.7.1a)  it  composes 
several  MHz,  and  parameters  of  determined  modulating  signal  are 
determined  by  values  (9.7.1),  index  of  modulation  will  be  very  large. 
The  probability  density  u>,(y)of  the  modulating  signal  v  with  the 
repetition  period  T  in  accordance  with  Fig.  9.7.1a  comprises 
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t4>,  (y)  = 


.ipH  T  <  /  <  r 


a)  (y)  =  — 0  <  /  <  0,  It  ^  . 

0,55t</<t 

“'i  W  =  — 0.  It  <:  i  <  0,55 


(9.7.6) 


Key:  (1).  vith.  (2).  and. 

Using  the  Blackman-Middleton  theorem,  it  is  possible  to  say  that 
energy  spectrum  of  oscillation  examined/considered  by  ChM  will  be 
described  by  three  components,  proportional  to  probability  densities, 
which  are  determined  according  to  (9.7.6). 

In  accordance  with  this  of  relation  of  power  of  oscillations 
with  frequencies  of  Wj,  Qs  they  will  be 


^(o>i):P((Ot):P(as)  =  : _ 

T  r 
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Fig.  9.7.1.  Change  in  frequency  (a)  and  phase  (b)  of  oscillation, 
frequency-modulated  by  TV  signal. 


Page  275. 

With  the  substitution  into  this  expression  of  the  parameters  of  those^ 
determined  (9.7.1),  we  will  obtain 


PiK):P(o),):P(a,)  «0.83. 0,092. 0,078.  (9.7.7) 


Fig.  9.7.2  gives  energy  spectrum  of  oscillation 
examined/considered  by  ChM,  which  corresponds  to  relations  (9.7.7). 


Let  us  note  that  from  (9.7.7)  it  follows  that  power  at  frequency 
crJi  in  comparison  with  power  of  unmodulated  oscillations  is  reduced 
into  number  of  times,  equal  to  1/0.83=1.2  (0.8  dB).  With  other  words, 
the  transmission  of  white  level  and  of  line  pulses/momenta  in 
accordance  with  Fig.  9.7.1  does  not  lead  to  considerable  reduction  in 
the  amplitude  of  the  oscillations  of  the  carrier  frequency,  and, 
consequently,  is  not  created  the  uniform  distribution  of  the  power  of 
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oscillations  along  the  spectrum.  Similar  conclusions  can  be  drawn 
also  for  the  case,  when  it  is  realized  the  transmissions  of  black 
level,  and  also  during  the  transmission  of  line  and  frame  timing 
pulses. 

Consequently,  during  transmission  of  TV  signal,  just  as  during 
transmission  of  multichannel  signals,  for  satisfaction  of  condition 
for  uniform  distribution  of  power  along  spectrum  it  is  necessary  to 
introduce  special  signals  of  dispersion.  This  can  be  done  with  the 
help  of  the  special  device/equipment,  which  subsequently  we  will  call 
dispersive.  Let  us  consider  the  principle  of  the  work  of  dispersive 
device/equipment  fly  on  the  functional  diagram  in  Fig.  9.7.3. 

In  Fig.  9.7.3  it  is  shown  that  dispersive  device/equipment  is 
switched  on  between  equipment  for  multiplexing  AY  and  transmitter 
and  consists  of  analyzers  of  group  spectrum  AC,  amplifiers  Y  and 
signal  generator  of  dispersion  rcfl.  Depending  on  amplitude  and 
character  of  the  group  spectrum,  with  the  help  of  the  analyzer  of 
spectrum  ACi  is  regulated  the  amplification  Yi,  through  which  is 
passed  the  special  signal  of  dispersion,  created  by  the  generator 
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Fig.  9.7.2,  Fig.  9.7.3. 

Fig.  9.7.2.  Energy  spectrum  with  ChM  modulation  by  signal  of 
synchronization. 

Fig.  9.7.3.  Schematic  of  dispersive  device/equipment. 

Key:  (1).  ChM  transmitter. 

Page  276. 

Thus,  at  the  input  of  amplifier  can  be  obtained  the  total  signal, 
which  consists  of  the  signal,  taken  from  the  output  of' equipment  for 
multiplexing,  and  the  signal  of  dispersion,  whose  parameters  are 
chosen  so  that  at  the  output  of  ChM  transmitter  independent  of  a 
change  in  the  signal  level,  taken  from  the  equipment  for 
multiplexing,  would  be  obtained  the  uniform  (or  close  to  the  uniform) 
distribution  of  the  power  of  ChM  oscillation  along  the  spectrum. 

At  the  output  of  amplifier  y*  an  analyzer  of  spectrum  AC*,  which 
regulates  amplification  of  Yt,  is  connected. 
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Thus,  by  gain  control  Yj  is  automatically  establ ished/ installed 
necessary  signal  level  of  dispersion,  and  by  change  in  amplification 
of  Yz  is  ensured  the  setting  of  necessary  for  deviation  frequency  bv 
total  signal.  The  presence  of  the  adjustable  amplifier  Yj  makes  it 
possible  to  support  more  uniform  spectral  power  density  even  in  such 
a  case,  when  in  the  circuit  ACi-Yj  there  is  a  certain  "threshold", 
due  to  which  with  a  small  change  in  the  charging  the  amplifier  Y^  can 
prove  to  be  still  closed.  One  should  note  that  flY  can  contain  only 
the  part  of  the  blocks,  given  in  Fig.  9.7.3.  In  this  case  there  can 
be  the  following  versions  of  construction  of  flY: 

1.  In  the  absence  of  ACj  and  AC*  the  constant  supply  of  the 
signal  of  dispersion  with  the  constant/invariable  level  is  realized. 
In  this  case  a  certain  simplification  of  flY  unavoidably  leads  to  a 
change  in  the  group  signal  level  and,  consequently,  also  to  a  change 
in  the  spectral  power  density  of  ChM  signal. 

2.  In  the  absence  of  AC*,  Y*,  and  rCfl  with  change  in  charging 
with  the  help  of  AC*  will  occur  change  in  factor  of  amplification  of 
Yj,  as  a  result  of  which  deviation  of  frequency  at  the  output  of 
transmitter  can  be  maintained  by  constant.  However,  this  version  of 
diagram  cannot  be  used  under  the  conditions,  when  charging  can  prove 
to  be  equal  to  zero,  and  also  during  the  transmission  of  such 
television  images,  in  which  little  is  changed  the  brightness.  It  is 
obvious,  also  that  the  transition/ junction  from  the  lower  channels  to 
the  upper,  or  vice  versa,  will  lead  to  a  change  in  the  spectral  power 
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density  of  ChM  oscillation.  It  is  necessary  to  say  that  a  change  in 
the  amplification  of  y,  will  produce  level  change  at  the  output  of 
channel  and  therefore  it  will  require  the  appropriate  automatic 
adjustment  also  at  the  reception/procedure. 

3.  In  the  absence  of  ACj  the  uniformity  of  spectriom  on  output  of 
transmitter  in  process  of  work  can  somewhat  be  changed,  especially  if 
start  of  amplifier  by  analyzer  ACj,  is  realized  after  decrease  of 
charging  before  certain  "threshold  value". 


Let  us  note  that  together  with  versions  of  diagram  of  JIY 
examined  can  be  proposed  others. 


Let  us  now  move  on  to  comparison  of  several  signals  of 
dispersion  from  point  of  view  of  guarantee  of  uniformity  of  power  in 
spectrvim  of  ChM  oscillation.  Comparison  let  us  lead  for  the  cases, 
when  as  the  signal  of  dispersion  is  used  sinusoidal  oscillation, 
noise  signal  with  the  normal  distribution  and  the  repetitive  pulses 
of  triangular  form. 

Page  277. 

During  this  comparison  should  be  rated/estimated  possibility  of 
eliminating  signal  of  dispersion  at  .point  of  reception/procedure  with 
the  help  of  any  methods,  for  example,  by  filtration  or  by 
introduction  of  special  compensating  signals. 
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Signal  of  dispersion  in  the  form  of  sinusoidal  oscillation.  In 

this  case  in  the  absence  of  charging  and  during  the  supplying  only  of 

the  signal  of  dispersion  with  the  frequency  n=27rF  of  ChM  oscillation 

is  determined  (5.3.5),  i.e. 

u  =  t/aCos[(i)o/  +  msiiiQ/J. 

Here  m  =  is  index  of  modulation,  and  Au)m=2nA/m  and 

Q  F 

cjo-27rfo  are  respectively  amplitude  value  of  deviation  of  angular 
frequency  and  carrier  angular  frequency. 

If  m»l,  then  the  width  of  band  Af,  occupied  by  ChM  oscillation, 
is  equal  about  to 

Af^2Af„  =  2mF. 

In  this  case  those  appearing  in  process  of  modulation  components 
are  located  from  each  other  in  frequency  on  value  F. 

Converting  (5.3.5)  to  form 

u  =  Uf  (sin  ©o  t  cos  {m  sin  Q  /)  +  cos  coj  t  sin  {m  sin  Q  /)] 

and  using  formulas  for  Bessel  functions: 

cos  (a;  sin  cp)  —  I o{x)+  2  ^  I^n (•*)  cos 2n  q), 

/lal 

00 

sin  (a:  sin  9)  =  2  V  (a;)  sin  (2rt  -h  1)9, 

/j=0 

00 

cos(a:cosiI))  = /o(Jc)  +  2  V  (—  i)"/j„(A;)cos2rt9, 

ns=\ 

00 

sin  (ATCosij))  =  2  V  (—  (j:)  cos  [{2n  +  1)  iH, 


-'  -v;!  ‘  -v  ' ,  .i.  •  ■ 
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u  — U A  Iq  (m)  sin  (Oo  /  +  V  4  (m)  [sin  {(Uo  +  /c  S)  /  + 


+  (—  {)''siii(a)a  — kQ)/]  I  . 


(9.7.8) 


Page  278. 


From  this  expression  it  follows  that  ChM  oscillation  consists  of  an 
infinite  number  of  components,  distant  behind  each  other  in  the 
frequency  to  the  value,  equal  to  frequency  of  the  modulating.  The 
energy  spectrum  of  this  process  also  consists  of  the  separate 
components,  the  exemplary/approximate  form  of  envelope  of  which  is 
given  in  Fig.  9.7.4  for  different  indices  of  modulation  [9.18].  As  it 
follows  from  this  figure,  with  an  increase  in  the  index  of  modulation 
the  distance  between  the  maximum  values  of  the  envelope  of  energy 
spectrum  is  expanded.  With  the  large  indices  of  modulation  the 
envelope  of  energy  spectrum  in  the  first  approximation,  is 
characterized  by  following  values  [9.18]; 


G((i))  =  —  fm*  — npH  jWo— al<mQ 

QL  lo/J  .  (9.7.9) 

G  (oj)  =  00  npH  1  —  w  I  =  fli  £2 

G  (io)  =  0  njw  I  a,  —  ®  I  >  m  Q 

Key:  (1).  with. 

From  Fig.  9.7.4  and  expressions  (9.7.9)  it  follows  that  with 
m>M  on  edges  of  band  value  of  energy  spectrum  very  large.  This  is 
explained  by  the  fact  that  the  part  of  the  time,  during  which  ChM 
oscillation  with  an  instantaneous ' frequency  of  uo+Aum cos £2/  passes  any 
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narrow  frequency  band,  will  be  considerably  more  in  such  a  case,  when 
this  band  is  located  on  the  edges  of  the  region  of  deviation  of 
frequency,  but  not  in  the  center  of  region.  In  accordance  with  this 
the  power  of  oscillation  in  this  band  so  v?ill  be  more  then,  when  band 
is  located  nearer  to  the  edge. 

Thus,  dissipation  of  power  with  the  help  of  sine  wave  of 
dispersion  will  be  not  effective:  with  large  indices  of  modulation 
significant  part  of  power  will  be  concentrated  on  edges  of  band,  but 
with  small  indices  of  modulation  -  in  center  of  band.  The  use  of 
indices  of  modulation,  close  to  one,  also  does  not  solve  a  question. 
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Fig.  9.7.4.  Energy  oscillation  spectrum,  modulated  in  frequency  by 
sinusoid. 

Page  279. 

The  signal  of  dispersion  in  the  form  of  limited  on  band  thermal 
noise,  with  uniform  spectrum  in  band  from  zero  to  frequency  if 

the  modulation  frequency  with  the  effective  index  of  modulation  is  ^ 
realized  by  this  stationary  normal  process, 

(9-7.10) 

•  ’IKC 

where  A/a=  —  -  effective  deviation  of  frequency  by  the  noise  signal 

2n 

of  dispersion,  moreover 

1,  (9.7.11) 

that  energy  spectrxam  Chm  (w)  of  ChM  oscillation  has  a  form  of  gauss ian 
curve  with  the  apex/vertex  at  point  [9.19].  Thus, 


(M-li),)* 


1^0 


2  Ao>, 


(9.7.12) 


Here  U,  -  amplitude  of  unmodulated  carrier. 


Width  of  spectrum  baud  of  ChM  oscillation  with  signal  of 


7 
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dispersion  in  question  is  determined  by  expression 

A/=  (9.7.13) 

It  is  obvious  that  with  this  energy  spectrim  highest  efficiency 
of  ChM  oscillation  in  frequency  band,  equal  to  4  kHx,  Pwmuic  will  be 
concentrated  near  the  carrier  frequency  0)9. 


Consequently, 


(4)  Mi.KC 


0).+2.2=  ,  w.4.4; 


14) 


2-2*  (0,-4* 

In  this  expression  all  frequencies  are  expressed  in  kHz.  Introducing 

the  variable  f= we  will  obtain 

A(i>j 


^(4J«kc  ‘^(1^)]"^"’ 


where 


Z - 

I  /•  2 

<I>(2)  =  -  j  e  dx. 


y2n 


1,9.7.16) 
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Taking  into  account  that  lzl'<l,  and  also  that  in  this  case 

0(— 2)  =  I  —^{z), 

in  accordance  with  (9<.7.15)  we  will  obtain 

(9-717) 

Let  us  note  that  value  can  be  found  according  to  tables 

ot  probability  integrals,  and  the  value  U#’  characterizes  amplitude 


DOC  =  86120418 


PAGE 

of  oscillation  at  carrier  frequency  in  the  absence  of  frequency 
modulation. 

It  is  of  interest  to  determine  power  change  in  band  4  kHz, 
situated  symmetrically  relative  to  carrier  frequency,  in  the  case, 
when  modulation  is  realized  only  by  multichannel  communication/report 
or  only  signal  of  dispersion  in  the  form  of  noise.  We  will  consider 
in  this  case  that  the  deviation  of  frequency,  created  by  the  signal 
of  dispersion,  is  ten  times  less  than  during  the  supplying  of 
multichannel  signal,  and  the  peak  factors  of  each  signal  are 
identical . 

Taking  into  account  that  effective  deviation  of  frequency, 
created  by  multichannel  signal,  is  determined  by  unbroken  curves  of 
Fig.  7.3.6  and,  consequently,  is  satisfied  condition  A/cp>i^2  or 
/«;>>},  where  F,  -  maximum  frequency  of  group  spectrxjm,  it  is  possible 
to  consider  that  during  transmission  of  multichannel  signal  energy 
spectrxM  has  form  of  gaussian  curve.  Therefore,  taking  into  account 
(9.7.17),  it  is  possible  to  record  the  following  expression  for  the 
relation  of  power  in  the  frequency  band  v;ith  a  width  of  4  kHz  during 
the  transmission  of  multichannel  signal  or  during  the 

transmission,  of  the  signal  of  dispersion  in  the  form  of  thermal  noise 

Pn)  m: 
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lA  fcp  j 

(9.7.18) 


Here  A/'a  and  A/cp  must  be  substituted  in  kHz. 

If  we  consider  that  the  peak  factor  of  noise  signal  and 
multichannel  signal  are  identical,  and  band,  occupied  by  ChM 
oscillation  with  modulation  by  signal  of  dispersion  in  the  form  of 
thermal  noise  is  ten  times  less  than  band  with  frequency  modulation 
by  multichannel  signal,  then  in  expression  (9.7.18) 

A/.  =  0.JA/ep. 


Therefore 


(9.7.19) 
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Calculations  according  to  expression  (9.7.19)  with  values  of  M, 


given  in  Fig.  (7.3.6),  show  that  with  N>50  relation 


^9  of  times 


(9.5  dB)  and  does  not  depend  on  number  of  telephone  channels.  Thus, 
during  the  introduction  of  the  signal  of  dispersion  in  the  form  of 
the  thermal  noise,  whose  band  composes  10%  of  the  band  of 
multichannel  signal,  power  in  the  band  4  kHz  in  the  absence  of 
charging  will  exceed  power  in  the  hours  of  maximum  charging 
approximately  on  9.5  dB,  if  a  number  of  channels  is  more  than  50. 
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signal  of  dispersion  in  the  form  of  pulses/momenta  of  triangular 
form  (saw-tooth  voltage).  In  this  case,  the  instantaneous  value  of 
frequency  is  changed  in  accordance  x^ith  Fig.  9.7.5a,  that  in  the 
analytical  form  it  is  possible  to  record  in  the  form 

0)  -  4-  /.  (9.7.20) 

2  T 

Here  T  -  pulse  repetition  period,  and  -T/2)StS{T/2) . 


Introducing  designations  of  average/mean  value  of  frequency  and 
spread/scope  of  frequency 

=  0,, 

2 

> 

(I),  —  ©1  =  A©p  j 

let  us  find  change  in  phase  of  oscillation 

i 


(9.7.21) 


9=  + 


(9.7.22) 


This  expression  in  the  form  of  graph  is  shown  in  Fig.  9.7.5b. 
Consequently,  for  the  oscillation,  modulated  in  the  pulse  frequency 
of  triangular  form  (saw-tooth  voltage),  we  have 


u  =  i/oSm(©o^+ 
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Fig.  9.7.5.  Change  in  frequency  (a)  and  phase  (b)  of  oscillations, 
modulated  in  frequency  by  saw-tooth  voltage. 
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Let  us  substitute  this  oscillation  in  the  form  of  s\jm  of  ’ 
components;  then  amplitude  of  component  with  number "k" 


«K  =  ^^0 


(9.7.23) 


Here 


Ok  == -^  j*  sin^©o/  +  ^;*jcos«:Q/df 


(9.7.24) 


Representing  products  of  trigonometric  functions,  which  stand 
under  integral  in  the  form  of  sm,  for  coefficient  %  we  will  obtain 


PiilffiiPMiiPini 
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in  1 4-  cos/cQ  <  =  -i-  j^sin  (a  ^  4-  y*  <*)  4-  sin  (§  /  4-  y*  ^*)  j  = 

T  { ™  [(^ + V  ')’-:$■]  +  “"[(^ + V  <)“  -  |f])  - 

(9.7.25) 


Here 


AMp 


a  =  (Dj4-Kfl;  §  =  <04  — /cfl;  Y  ^ 

Analogous  relationships/ratios  can  be  obtained  for  product  of 
integrands  in  expression  for  After  integration  [9.10]  we  will 
obtain; 

Ojc  =  -r^fcos^Cj,4-sm-^S„  — cos~Cj,— sin  ^5,] ,  (9.7.26) 
ary  V  <Y*  '  4y*  ^  4y!  4y*  / 

/cos-^5„--sm'|^Cy4-cos-^5,— -sin  —  C,,) .  (9.7.27) 

27‘V  \  4v*  ^  4v*  4y*  4y*  / 


Page  283. 
Here 


C,  =  I  cos  je*dx;  Cy  =■  |  cos  fdij 


Sx  ”  \  Sy 


\  MX*  V  (4^«V|  wry 

Vi 


=  I  sin  t^dy. 


(9.7.28) 


-I- 
2  \  Y 


(9.7.29’, 


After  substitution  (9.7.26)  and  (9.7.27)  in  (9.7.23)  we  will 
obtain 

{ q + q + q + -  2“=  iqq  -  v.)  - 


-2sinJ!r;^<C,C.  +  V.)) 


(9.7.30) 
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Values  C  and  S,  in  this  expression  -  Fresnel's  integrals. 


Fig.  9.7.6  shows  character  of  change  in  value  of  amplitude  of 
different  components  in  accordance  with  expression  (9.7.30);  hence 
follows  that  greatest  values  of  amplitude  have  on  edges  of  band,  in 
limits  of  which  is  realized  deviation  of  frequency.  With  an  increase 
in  the  deviation  of  frequency  the  difference  between  the  maximtam  and 
minimiam  values  of  the  amplitude  of  oscillations  is  reduced.  In  the 
limit,  when  the  index  of  modulation 

(9.7.31) 


the  difference  between  the  maximum  and  minimum  values  of  amplitudes 
becomes  equal  to  zero,  i.e.,  all  components  have  identical 
amplitudes.  By  other  words,  with  m-»»  energy  spectrum  becomes  uniform 
and  it  can  be  described  by  following  expression  [9.18]; 


2Q;n  Acop  2A /p 

G{Q)  =  0  1(0  — ©ol >5^ 


npH  0  <  I  ©  —  ®p  j  < 


.  (9.7.32) 


Key:  (1).  with. 


Here 


One  should  note  that,  as  show  experiments  [9.20],  with  values  of 
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m>100  it  is  possible  to  consider  that  the  energy  spectrum  is 
described  by  expression  (9.7.32).  In  this  case  the  power  of 
oscillations,  created  on  the  single  resistor/resistance  in  the  band 
of  frequencies  of  4  kHz,  will  be  determined  by  the  expression 


^0  ^  2U, 

2A/p  A/p  ' 


(9J.33) 


where  ^/p  in  kHz. 
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Fig,  9.7.6.  Dependence  of  amplitude  of  components  with  frequency 
modulation  by  saw-tooth  voltage. 
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Thus,  effective  dispersion  of  carrier  output  along  spectrum  by 
saw-tooth  wave  form  can  be  realized  with  values  of  m>100. 

Let  us  lead  comparison  of  power  emitted  in  band  4  kHz,  during 
maximum  charging  of  communication  system  by  multichannel  signal  with 
case,  when  in  the  absence  of  charging  is  introduced  signal  of 
dispersion  in  the  form  of  pulses/momenta  of  triangular  form  with  m-*® 
and  with  such  spread/scope  of  change  in  frequency,  with  which  band, 
occupied  by  this  signal,  composes  10%  of  band  of  multichannel  signal. 

Counting  the  peak  factor  of  multichannel  signal  equal  to  x=12  dB 
(4  times),  we  obtain,  that  peak  deviation  of  frequency  by 
multichannel  signal  will  compose  A/,  =4A/cp.  Consequently,  according  to 
the  condition  accepted  the  spread/scope  of  a  change  in  the  signal 
frequency  of  dispersion  must  compose 

A/p-2(^^)  =  0.8A/cp-  (9.7.34) 
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Therefore  relation  of  power  in  band  of  frequencies  of  4  kHz  upon 
consideration  (9.7.33),  (9.7.34)  and  expressions  of  similar  (9.7.17) 
will  take  form 


(9.7.35) 


hi  it:)”']' 

Calculations  according  to  this  expression  show  that  independent 
of  nijmber  of  transmitted  telephone  channels 


-^  =  0.6  once  (-2.0  dB). 


Thus,  with  identical  frequency  bands  use  of  saw-tooth  voltage  as 
signal  of  dispersion  gives  best  results,  than  use  of  thermal  noises, 
limited  along  spectrm.  In  this  case,  however,  is  necessary  a  good 
form  of  serrated  signal,  since  the  disturbance/breakdown  of  linearity 
and  r  -unding  the  apexes/vertexes  of  saw-tooth  voltage  can  lead  to  the 
power  increase  P^«j. 


One  should  note  that  removal/distance  of  signal  of  dispersion 
from  group  spectrum  in  place  of  recept ion/procedure  can  be  carried 
out  by  method  of  compensation.  For  this  at  the  point  of 
reception/procedure  must  be  generated  the  local  signal  of  the  same 
form  as  the  signal  of  the  dispersion  (or  the  signal  of  dispersion  it 
must  be  transmitted  by  one  of  the  channels  of  the  line  of 
communications)  and  then  be  introduced  in  the  antiphase  for  the 
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compensation. 

Compensation  can  be  realized  both  on  video  spectrum  and  in 
intermediate  frequency,  via  modulation  of  heterodyne  in  signal 
frequency,  opposite  on  phase  to  signal  of  dispersion. 

Page  285. 

Latter/last  method  is  more  preferable,  since  it  makes  it  possible  to 
decrease  the  band  of  frequencies  of  receiver  in  the  case  of  the 
continuous  transmission  of  the  signal  of  dispersion. 

During  transmission  of  TV  signals  saw-tooth  voltage  can  be 
introduced  into  those  time  intervals,  during  which  are  transmitted 
rows  (image).  This  introduction  of  the  signals  of  dispersion  during 
the  transmission  of  white  level  is  shown  in  Fig.  9.7.7.  Possibly  also 
the  introduction  of  the  signals  of  dispersion  with  the  repetition 
frequency  of  frames/personnel. 

It  was  previously  noted  that  effective  dispersion  of  power  with 
the  help  of  saw-tooth  wave  form  was  possible  in  the  case  of  m>100. 
This  condition  during  the  transmission  of  TV  signal  means  that  the 
spread/scope  of  the  frequency  deviation,  created  by  saw-tooth  voltage 
with  the  repetition  period  of  rows  must  be  not  less 

A/p>2my  =  2-100 


64- 10  ■" 


'■3  MHz. 
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Consequently,  if  spread/scope  of  change  in  frequency,  created  by 
complete  TV  signal,  including  synchronizing  pulses,  will  exceed  43 
MHz,  then  maximum  level  of  saw-tooth  voltage,  shown  in  Fig.  9.7.7, 
will  correspond  to  one  tenth  of  video  signal,  i.e.,  one  gradation  of 
brightness.  With  this  spread/scope  of  a  change  in  the  frequency  the 
presence  of  the  saw-tooth  wave  form  of  dispersion  will  lead  to  a 
smooth  change  in  the  brightness  from  the  left  to  the  right  side  of 
the  kinescope  to  one  gradation,  i.e.,  in  effect  it  will  not  be 
noticed.  This  you  mean  that  even  the  partial  compensation  for  the 
signal  of  the  dispersion  in  the  place  of  reception/procedure  will 
lead  to  the  satisfactory  results. 

Let  us  note  that  in  selection  of  repetition  frequency  of 
saw-tooth  waves  form  of  dispersion  to  equal  frequency  F„n=50  Hz,  even 
obtaining  m>10*  will  correspond  to  spread/scope  frequency,  equal  to 

A/p>2mF„  =  2-l0«.50=  1  MHz. 

This  means  that  in  the  absence  of  compensation  for  signal  of 
dispersion  change  in  image  brightness  on  vertical  line  to  one 
gradation  will  be  observed,  if  spread/scope  of  change  in  frequency  by 
TV  signal  is  approximately  14  MHz. 


Let  us  note  that  selection  of  signal  of  dispersion  in  the  form 
of  triangular  pulse/momentum  is  feasible  also  during  transmission  of 
multichannel  telephone  signals.  In  this  case  the  duration  and  the 
repetition  period  of  sawtooth  pulses  must  be  determined  from  the 
condition  so  that  their  spectrum  would  be  concentrated  in  the 
frequency  band,  which  lies  lower  -han  the  minimum  frequency  Fi  of  the 
group  spectrum. 
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1 

Fig.  9.7.7.  Introduction  of  signal  of  dispersion  during  transmission 
of  picture  signal. 

Key:  (1).  White  level.  (2).  Signal  of  dispersion. 

Page  286. 

One  should  note  that  nonlinear  distortions  in  circuit  of 
transmission  (nonlinearity  of  amplitude  characteristic  of  group 
amplifiers,  phase- frequency  characteristic  of  UPCh,  etc.)  they  can 
lead  to  the  increase  of  noises  in  the  communication  channels,  caused 
by  the  distortions  of  the  signal  of  dispersion.  In  the  case  of  the 
transmission  of  television  program  the  nonlinearity  of  circuit  can 
lead  to  beatings  of 'the  components  of  video  signal  and  signal  of 
dispersion. 
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10.3.  Antenna  systems  of  terrestrial  stations. 


Requirements,  which  are  imposed  on  antennas  of  terrestrial 
stations  of  communication  systems  through  ISZ,  reduced  to  obtaining 
of  great  directive  gains  [KND],  which  correspond  to  amplification 
factor  of  45-55  dB  and  more,  on  lew  side-lobe  level.  At  che  same  time 
the  construction/design  of  antenna  must  allow  for  the  possibility  of 
continuous  tracking  of  ISZ,  i.e.,  it  must  have  the  appropriate  rotary 
devices/equipment.  The  latter  must  realize  displacement/movempnt  of 
antenna  in  tae  space,  either  over  the  previously  comprised  program  or 
over  the  maximum  value  of  the  signal  adopted  with  ISZ.  It  is  obvious 
that  the  second  method  can  be  directly  realized  on  the  receiving 
antennas,  from  which  the  data,  which  characterize  the  direction  of 
receiving  antenna  to  the  satellite,  can  be  transmitted  to  the  system, 
the  manager  of  the  motion  of  the  transmitting  antenna.  One  should 
note  that  during  the  transfer  of  these  data  in  them  the  corresponding 
corrections,  which  consider  both  the  certain  territorial  separation 
of  the  receiving  and  transmitting  antenna,  and  their 
stEBCtural/design  nonidentity,  must  be  introduced. 


Let  us  note  that  coincidence  of  functions  of  reception  and 
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transmission  in  by  one  antenna  to  system  is  very  expedient,  since 
this  to  a  considerable  ext  it  makes  it  possible  to  shorten  initial 
costs  of  terrestrial  stations. 

Page  308. 

Nevertheless  this  association/unification  is  hindered  by  the  creation 
of  appropriate  separation  filters,  which  ensure,  first  of  all, 
maximally  low  losses  in  the  forward  directions  (rec'»iver-antenna; 
transmitter-antenna)  and,  secondly,  as  great  as  possible  crosstalk 
attenuation  from  the  transmitter  to  the  receiver.  Furthermore,  during 
the  use  of  a  common  antenna  for  the  transmission  and  the  reception 
usually  the  length  of  feeder  is  obtained  greater  than  in  the  case  of 
the  separate  antennas:  this  leads  to  additional  power  losses  of 
signal  snd  increase  in  the  noises  at  the  input  of  receiver. 


At  present  at  terrestrial  stations  are  utilized  several  types  of 
antennas;  parabolic,  horn-parabolic,  antennas  of  Cassegrain,  etc. 

In  spite  of  the  fact  that  terrestrial  antenna  systems  must  work 
in  the  range  of  frequencies  3.4-8  GHz  (see  appendix  3),  their 
sizes/dimensions,  for  guaranteeing  high  amplification  factors,  they 
prove  to  be  sufficiently  large.  This  to  a  considerable  degree  impedes 
the  creation  of  the  rotary  devices/equipment,  which  ensure  the 
displacement/movement  of  antenna  in  the  space  with  the  high  accuracy. 
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Tentative  sizing-  of  antennas  according  to  given  values  of  factor 
of  amplification  and  frequency  can  be  carried  out  on  the  basis  of 
expressions  and  graphs/curves,  led  in  sections.  3.3.  Representation 
about  sizes/dimensions  and  appearance  of  antennas  they  can  give  Fig. 
10.3.1-10.3.6.  The  data  about  the  radiation  patterns  of  some  antennas 
are  cited  in  Fig.  3.3.5  and  3.3.6. 

Let  us  examine  now  question  about  rotary  devices/equipment  of 


antenna  systems. 
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Pig.  10.3.1-.  Parabolic  antennas  of  communication  system  Molniya-1 
Moscow-  Vladivostok. 


m 
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Fig. 


10.3.4.  Parabolic  antenna  in  Holmdel  [6]. 


Fig.  10.3.5.  General  view  of  station  in  Holmdel  [6] 
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So  that  antenna  during  motion  of  satellite  would  be  always 
directed  to  its  side,  at  present  are  utilized  two  types  of  rotary 
devices/equipment:  azimuthal-elevation,  with  which  rotation  of 
antennas  is  realized  around  x  and  z  axes  (see  fig.  10.3.7a),  and  the 
system,  in  which  the  antenna  rotates  around  x  and  y  axes  (see  Fig. 
10.3.7b/. 

Analysis  of  work  of  elevation  system  [10.13,  10.14]  shows  that 
with  tracking  satellite  angular  antenna  scan  rate  wi  relative  to 
azimuthal  z  axis  will  increase  with  increase  in  angle  of  elevation. 
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Fig.  10.3.6.  Horn-parabolic  antenna  in  Andover;  a)  diagram;  b) 
general  view  [10.1]. 

Key;  (1).  Inflatable  dome.  (2).  Rear  radial  bearing.  (3).  Center  of 
dome.  ('^)-  Upper  apparatus. 
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At  the  angles  of  elevation,  which  approach  90“ ,  the  angular  velocity 
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indicated  approaches  very  high  values,  moreover  the  large  it  is,  the 
lower  the  orbit  of  satellite.  This  is  limited  the  possibility  of 
applying  such  rotary  devices/equipment,  since  near  the  angles  of 
elevations,  whose  values  approach  90®,  due  to  the  limited  speed  of 
the  motion  of  antenna  it  is  obtained  certain  "dead  zone",  in  which 
the. tracking  the  satellites  proves  to  be  impossible  (region  a  in  Fig. 
10.3.8) . 

At  orbit  altitude  in  several  thousand  kilometers  dead  zone 
decreases  to  units  of  degrees  and  less  and  in  many  instances 
virtually  it  does  not  have  value.  Elevation  turning  system  is  used  in  ^ 
horn-parabolic  antennas.  Pig.  10.3.5  and  10.3.6. 


.  ig.  10.3.7.  Types  of  rotary  devices/equipment  of  antennas;  a) 
azimuthal-elevation  (x,  z),  b)  system  of  axes  jo/* 


Fig.  10.3.8.  Dead  zones  of  rotary  devices/equipment:  a) 
azimuthal-elevation  (x,  z),  b)  system  of  axes  xy. 

Page  313. 

Rotary  system  with  axes  xy  just  as  elevation,  has  dead  zone. 
However,  for  system  of  dead  zone  is  displaced  into  the  region  of 
small  angles  of  increase  (region  b  in  Fig.  10.3.8),  at  which  the 
communication  system  through  ISZ  usually  is  not  utilized  as  a  result 
of  the  considerable  increase  of  atmospheric  noises. 
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From  comparison  of  rotary  systems  it  follows  also  that  system 
with  any  orbits  requires  only  one  capture  of  satellite  near 
horizon/level  on  entire  way  of  accompaniment,  while  system  xz  with 
orbits,  passing  through  "dead  zone"  at  zenith,  it  requires  two 
captures  of  satellite  -  on  horizon/level  and  at  output  from  "dead 
zone".  As  a  result  of  an  unavoidable  deterioration  in  the  parameters 
of  the  communication  channel  in  the  period  of  capture  of  satellite, 
during  the  use  of  system  xz  is  possible  a  certain  loss  of 
information,  whereas  in  system  of  x:^^  there  is  no  repeated  capture; 
therefore  this  deficiency  is  absent.  Furthermore,  system  Ky 
frees/releases  from  the  need  for  the  change-over  of  antenna  around 
the  azimuthal  axis,  which  in  system  xz  serves  as  one  additional 
source  of  the  appearance  of  a  "dead  zone"  as  a  result  of  limited 
angular  velocity  uii.  The  "dead  zone",  connected  with  the  change-over, 
is  essential  for  the  low-flying  satellites  and  has  low  value  for  the 
satellites,  which  move  in  high  orbits. 

Thus,  differences  in  systems  of  rotation  xy,  xz  especially 
sharply  are  developed  with  motion  of  satellites  at  low  altitudes.  In 
the  communication  systems  through  ISZ,  using  orbit  altitudes  10000  km 
and  more,  both  types  of  rotary  devices/equipment  are  approximately 
equivalent. 
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Page  345. 

12.2.  Special  features  of  work  with  the  diversity  of  signals  in  the 
frequency. 

.  Multistation  work  with  diversity  of  broad-band  channels  at 
frequency  (MCh)  it  is  possible  to  explain  Fig.  12.2.1.  In  this  case 
for  the  transfer  of  each  broad-band  channel  is  utilized  a  specific 
carrier  frequency  -  fu  h  ....  fn.  The  diversity  between  any  pair  of  the 
adjacent  carrier  frequencies  must  be  selected  so  as  to  exclude  the 
mutual  overlap  of  the  spectra. 

Page  346. 

During  use  MCh  can  be  used  any  forms  of  modulation  -  OBP,  ChM, 
KIM,  etc. 

Let  us  examine  multiplex  operation  of  repeater,  with  which  is 
realized  simultaneous  reception/procedure  and  amplification  of  all 
broad-band  channels/trunks  by  general  receiving-transmitting 
equipment.  It  is  obvious  that  in  comparison  with  the  mode  of  single 
operation  in  this  case  the  equipment  of  repeater  must  be  more 
broadband.  Besides  this,  it  is  necessary  that  the  levels  of  the 
signals,  which  arrive  at  different  frequencies  to  the  receiver  of 
repeater,  would  be  identical.  The  nonobservance  of  this  condition 
leads  to  the  suppression  of  weak  signals  by  strong.  Thus,  with  the 


.  v 
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multiplex  operation  in  the  case  MCh  is  necessary  adjusting  the  signal 
level  of  terrestrial  stations,  which  can  be  carried  out  by  the 
appropriate  change  in  the  power  output  of  the  transmitter  of 
terrestrial  station.  Adjusting  must  be  realized  both  in  accordance 
with  the  change  in  the  distance  between  ISZ  and  this  station  and  in 
accordance  with  a  change  in  the  parameters  in  the  section  of 

Gonnection/communication  Earth  -  ISZ  (for  example,  as  a  result  of 
inaccuracy  of  orientation  of  onboard  antenna,  appearance  of  sediments.' 
residues  in  area  of  terrestrial  station,  etc.). 


With  multiplex  operation  in  systems  with  MCh  due  to  nonlinearity 
of  characteristics  of  receiving-transmitting  equipment  genero 1/common 
for  all  broad-band  channels/trunks  transient  noise  between  different 
broad-band  channels/trunks  will  appear.  So  that  the  total  quantity  of 
noises  at  the  output  of  the  communication  channels  would  answer  the 
recommendations  of  MKKR  and  would  be  preserved  by  the  same,  as  with 
the  single  work  of  repeater,  it  is  necessary  to  ensure  reduction  in 
the  value  of  thermal  noises.  This  means  that  upon  transfer  from  the 
single  work  of  repeater  to  the  repeated  is  necessary  an  application 
of  antennas  with  the  higher  amplification  factor  or  an  increase  in 
the  power  of  the  transmitters  of  terrestrial  and  onboard  station  and 
the  decrease  of  the  total  equivalent  noise  temperature,  in  reference 
to  the  input  of  receiver. 
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Thus,  transition/ junction  to  multiplex  operation  in  systems  with 
MCh  requires  higher  energy  indices. 


12.3.  Special  features  of  work  with  the  diversity  of  signals  in  time. 

In  systems  with  MV  with  synchronous  working  at  any  moment  of 
time  through  repeater  they  will  pass  signals,  emitted  only  by  one 
terrestrial  station. 
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Fig.  12.2.1.  Arrangement/position  of  spectra  with  MCh. 

Page  347. 

Therefore  all  terrestrial  stations  can  work  at  one  carrier  frequency, 
but  they  must  have  the  general/common  timing  mechanism,  which  ensures 
the  strictly  by-turn/alternate  switching  on  of  transmitters. 

Fig,  12.3.1.  gives  graph/ curve  of  work  of  transmitters  of  three 

stations,  which  are  located  in  points/items  A,  B  and  C  when  distance 

from  the^  stations  to  ^he  relaying  repeater  are  indentical. 

According  to  12.3*1,  for  time-Teach  station  emits  oscillations/ 
vibrations  of  carrier 

frequency,  modulated  by  signal,  which  comes  from  multiplexing 
equipment;  through  Ti  in  Fig.  12.3.1  clock  period  is  designated,  and 
Tj  -  shielding  time  interval,  which  prevents  simultaneous  operation 
of  two  terrestrial  stations.  The  described  version,  which  relates  to 
the  case  of  the  synchronous  vorkiiig  of  terrestrial  stations,  will  be 
for  the  contraction  designated  by  MVS  (multistation  system  with  the 
diversity  in  the  time  of  the  synchronously  switched  on  stations). 
Possibly  also  realization  MV  with  asynchronous  operation  of 
terrestrial  stations,  that  we  will  designate  through  MVA. 


In  the  case  MVA  each  terrestrial  station  emits 
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oscillations/vibrations  into  time  intervals,  not  synchronized  with 
other  stations.  In  this  case  the  stations  differ  one  from  another 
from  in  terms  of  code  combinations.  The  code  can  be  constructed  both 
according  to  the  te..rorary/time  sign/criterion  and  according  to  the 
frequency. 

vrith  MVA  through  receiving-transmitting  equipment  of  satellite 
into  some  tinie  intervals  simultaneous  possible  passage  of  signals  not 
of  one,  but  several  terrestrial  stations.  It  is  obvious  thac  at  MVA 
the  receiving-transmitting  equipment  of  satellite  must  possess 
somewhat  different  parameters,  than  with  MVS,  for  example,  the 
characteristics  of  onboard  relay  equipment  must  be  such  that  during 
the  simultaneous  amplification  of  th  '•.ignals  of  several  terrestrial 
stations  transient  interferences  between  these  signals  would  be 


absent . 
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Fig.  12.3.1.  Schedule  of  operation  of  points/items  with  MVS. 


Key;  (1).  Point/item. 

Page  348. 

One  should  note  that  with  MVA  as  a  result  of  the  random  combinations 
of  the  signals  of  different  stations  the  spurious  signals  can  appear. 
However,  in  spite  of  the  difficulties,  which  appear  during  the 
creation  MVA,  they  are  of  considerable  interest,  since  they  possess 
the  series/row  of  advantages.  Fundamental  from  them  -  the  absence  of 
the  synchronizers  of  operation  of  terrestrial  stations  and. 


consequently,  considerable  simplification  in  the  equipment. 


Let  us  note  that  with  any  form  M\'  (synchronous  and  asynchronous) 
modulation  of  transmitters  of  terrestrial  stations  can  be  any 
(amplitude,  frequency  and  phase),  but  identical  for  all  stations.  The 
form  of  modulation  is  selected  from  the  conditions  of  guaranteeing 
the  high  of  noise  immunity  and  reliability  of 
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connect ion/conOT.unication.  At  the  same  time  with  any  form  MV 
modulation  of  pulses/momenta,  realized  in  the  equipment  for 
multiplexing,  also  can  be  any  (ShIM,  FIM,  KIM,  etc.).  Let  us  examine 
the  case  MVS  in  connection  with  KIM. 

We  will  consider  that  to  input  of  repeater  from  n  stations 
modulated  oscillations/vibrations  with  identical  carrier  frequencies 
are  supplied.  Each  terrestrial  station  works  in  the  period  r.  For 
this  time  one  word  is  emitted. 


Let  us  find  repetition  period  Ti  of  impulses/transmissions  of 
any  of  stations,  by  assuming  that  from  each  station  by  one  broad-band 
channel/trunk  is  transmitted  group  spectrum  by  width  AF=Fj-Pi.  In 
this  case  must  be  satisfied  the  condition 


2Af 


(12.3.1) 


Since  during  this  time  successive  work  all  n  of  stations  must  be 
realized,  time  t,  abstracted/removed  for  operation  of  any  station, 
must  satisfy  condition 

t  =  (12.3,2) 

n 

where  t,  -  shielding  time  interval  (see  Fig.  12.3.1.).  Introducing 
designation 


'~r. 


(12.3.3) 


from  (12.3.2)  we  will  obtain 


nx  (1  +s)  =  Ti- 


(12.3.4) 
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Time  of  emission  of  station  t  and  necessary  band  of  frequencies 
Af  are  connected  with  relationship/ratio 

=  (12.3.5) 

where  coefficient  A  is  determined  by  shape  of  pulse.  With 
substitution  (12.3.5)  and  (12.3.1)  into  expression  (12.3.4)  we  will 


obtain: 


A/'  ^ 

A‘f>  2AFA{\  4-  5)n. 


(12.3.6) 
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Total  frequency  band,  occupied  by  repeater  for  reception  or 
transmission  of  oscillations/vibrations,  in  the  case  to  Kims  will  be 
doubly  more  than  value,  found  from  (12.3.6),  i.e.. 


A/j  4AfA(l+s)/i. 


(12.3.7) 


Coefficient  of  use  of  repeater  rj,  which  characterizes  reduction 
in  its  capacity  upon  transfer  from  single  work  to  repeated,  is 
determined  by  fact  that  with  multiplex  operation  introduction  of 
shielding  time  between  emissions  of  stations  is  necessary.  Therefore 


T  +  it  1  +  £ 


(12.3.8) 


Let  us  note  that  values  r,  and  e  are  determined  by  requirements 
for  permissible  value  of  transient  noises  between  terrestrial 
stations,  parameters  of  equipment  (by  time  constants  of  different 
circuits,  etc.),  by  possible  change  in  propagation  time  in  section 
between  terrestrial  stations  and  by  ISZ  and  accuracy  of  work  of 
timing  mechanism  of  stations. 
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Is  very  interesting  study  of  problem  about  application  in 
communication  systems  through  ISZ  of  temporary/time  systems  with 
memory/memorizing  devices,  or  as  it  is  accepted  to  call  them  [12.1], 
systems  with  compression  in  time  [12.2].  It  is  possible  to  show  that 
the .application  of  such  systems  makes  it  possible  to  improve  the 
coefficient  of  the  use  of  a  repeater  and  to  somewhat  decrease  the 
occupied  frequency  band. 

Let  us  examine  principle  of  construction  of  these  systems,  on 
the  basis  of  [12.1].  We  will  consider  that  at  each  terrestrial 
station  there  is  the-  memory  system,  because  of  which  separate  words 
of  pulses/momenta  are  not  emitted  during  the  interval  of  time  r,  but 
"are  stored"  specific  for  a  while.  As  a  result  of  this  for  the 
storage  time  at  each  station  will  be  acciomulated  m  of  intervals  by 
duration  t,  of  the  forming  blocks  from  words  pulses/momenta,  by  which 
then  will  modulated  the  transmitter. 

3y  other  words,  with  this  form  of  work  m  of  time  interval,  for 
each  of  which  in  previously  example  examined  from  each  station 
occurred  emission  of  one  word  (intervals  of  time  1.1',  1"  ...  for  . 
first  station,  intervals  of  time  2.2',  2"  ...  for  second  station  and 
so  forth  -  see  Fig.  12.3.2*.),  are  united  at  each  station  into  one 
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overall  time  interval >  called  the  block  (see  Fig.  12.3.2b). 

As  a  result  of  this  duration  of  time  of  emission  of  each  station 
will  increase  in  m  of  times  (-xm—mx),  in  the  same  number  of  times  to 
increase  clock  period,  and  duration  of  shielding  interval  between 
operation  of  stations  can  remain  previous,  equal  to  t,.  This  makes  it 
possible  to  increase  the  coefficient  of  the  use  of  a  repeater  and  to 
shorten  the  frequency  band. 

Page  350. 

On  the  spot  of  reception/procedure  blocks  accepted  can  be 

i 

divided  into  intervals  duration  r  with  the  aid  of  special  equipment, 
after  which  groups  of  pulses,  which  are  contained  in  these  intervals, 
they  are  demodulated. 
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Coefficient  of -use- of -repeater 

mt  1 


iWT+iT 


1  +  — 
fli 


in  this  case 

m 

m-f;£ 


(12.3.11) 


Comparing  (12.3.6)  and  (12.3.9),  and  also  (12.3.8)  and 
(12.3.10),  we  will  obtain  that  application  of  time  compression 
(memory  elements)  will  make  it  possible  to  shorten  required  frequency 
band  and  to  increase  coefficient  of  use  of  repeater  into  number  of 
times 


AJI-f  t 


(12.3.12) 
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Fig.  12.3.2.  Sequences  of  operation  of  statioits.. 

Page  351. 

dependence  of  coefficient  a  on  m  different  values  e  is  griven  in 
Pig.  12.3.3. 

Thus,  application  of  system  of  temporary/time  compression 
MVS  makes  it  possible  to  shorten  frequency  band  and  to  improve  use  of 
repeater  due  to  contraction  of  pauses.  Furthermore,  compression  in 
the  time  makes  it  possible  to  simplify  both  the  timing  mechanism  of 
stations  and  mode  of  their  operation  (station  they  are  Switched  on 
more  rarely,  and  they  work  in  the  more  prolonged  period).  Especially 
essential  results  can  be  obtained  with  the  large  space  it  is 
memorable;  however,  this  will  lead  to  the  complication  of  memory 
units  and  an  increase  in  the  cost/value  of  terrestrial  stations. 

Synchronization  of  terrestrial  stations  with  MVS  can  be  realized 
both  on  signals  of  world  service  of  precise  time  and  by 
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pulses/momenta,  ti^isn&fcted  ixy  central  station  of  control.  Equipment 
on  ISZ  can  relay  these  poises/momenta  sEteng  the  separate  channel. 
A=gter  vorkingZ-treatment  at  the  terrestrial  stations  the 
pulses/momenta  car  be  utilized  for  sertinrg  of  tte  moments  of 
switching  on  and  disconnection  of  this  station.  During  the 
determination  of  the  moment  of  switching  on  it  is  necessary  to 
consider  the  time  of  the  emission  of  the  signal  from  each  station  to 
tSZ  so  that  the  possibility  of  impulse  flashing  over  of  different 
stations  would  be  excluded.  This  determination  is  complicated  in  the 
case  of  transient  satellites  and  with  the  low  value  of  shielding 
time. 


Together  with  difficulties  of  system  indicated  with  MVS  they 
possess  essential  advantage  over  MCn,  which  consist  in  the  fact  that 
vith  successive  operation  of  terrestrial  stations  through  repeater 
transient  noise  between  bfoad-Mhd  shannels/trunks  decreases,  which 
cgn  lead  to  certain  improvement  in  signal-to-noise  ratio  at  output  of 
communication  channel.  Furthermore,  with  the  successive  work,  in 
iintrnet  to  nch,  mutual  regulation  of  signal  levels  is  not  required, 
which  ghtir  the  input  of  repeater. 


DOC  =  86120420 


PAGE 


Page  352. 

Application  of  system  MVA  faci.''.2 tates  requirements  for 
synchronous  working  of  ground  stations,  but  ground  equipment  (coding 
and  decoding)  is  more  complicated  and  c  -n  arise  transient  noise 
between  broad-band  channels/trunks. 
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APPENDICES 
.Appendix  1. 

Summary  table  of  formulas  for  calculating  the  undisturbed  motion  tsz 
the  construction  of  the  geocentric  projections  of  the  orbit  of 
satellite. 

During  different  calculations  of  motion  of  ISZ  according  to 
circular  and  elliptic  orbits  can  prove  to  be  useful  given  below 
expressions  [2.1].  Designations  utilized  in  this  case  are  clear  from 
Fig.  2.1.2. 


Semimajor  axis  a 


''a  +''n 


l«-ll  • 


Orbit  eccentricity  e 
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True  anomaly  ;PCh 

D  =  arc  cos 

Radius-vector  r 


(t-«C06£-  )  =  2arc  »g  ( )/ tg  , 


l-f«C0ad  l-K«COSi) 


Eccentric  anomaly  E 
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i  a  ) 

Mean  anomaly 

ftcp  =  £■  — t’sin£. 

time  of  motion  of  ISZ  from  one  point  of  orbit  to  another 


/!-<»■ 


Et~Et  —  e  (sin  £i  —  dn  Ei) 


Page  353. 

Here  value  K=kM.  In  accordance  with  the  definitions,  given  for 
expression  (2.1.1),  K=3. 986*10"®  cmVs*=3. 986*10*  kmVs". 


Let  us  consider  order  of  approximate  construction  of  geocentric 
projection  of  orbit  of  satellite. 
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For  construction  of  this  projection  they  must  be  known: 

-  orbit  altitude  H  (in  the  case  of  circular  orbits)  or 
height/altitude  of  apogee  Wa  and  perigee  (in  the  case  of  elliptic 
orbits) ; 

-  orbit  inclination  i; 

-  coordinate  of  projection  of  any  point  of  orbit  on  surface  of 
Earth  (subsequently  this  point  we  will  call  "reference)".  In  the  case 
of  elliptic  orbits  it  is  expedient  as  the  reference  point  to  select 
the  projection  of  perigee  point; 

-  orbit  eccentricity  e; 

-  period  of  orbit  T  of  satellite  around  the  Earth; 

-  direction  of  the  motion  of  satellite. 

1.  On  globe,  knowing  orbit  inclination,  stretched  by  filament  or 
wire,  they  plan  section  of  surface  of  Earth  by  orbital  plane  (without 
taking  into  account  rotation  of  earth/ground).  This  section  must  the 
cross  line  of  equator  at  angle  of  i,  pass  through  the  projection  of 
perigee  (or  the  reference  point  0)  and  touch  two  parallels  with 
coordinates  $=i  and  5=~i  (positive  values  5  relate  to  north  latitudes, 
negative  -  to  south). 

2.  Coordinates  of  points,  through  which  is  passed  section 
planned  on  globe  as  orbital  plane,  are  transferred  to  ap/ chart  and 
are  combined  by  line,  called  line  of  section. 
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3.  For  subsequent  calculation^  we  arbitrarily  choose  several 
values  of  eccentric  anomaly  E  in  limits  from  0  to  2m.  A  number  of 
such  values  is  determined  by  the  necessary  accuracy  of  the 
construction  of  the  projection  of  orbit  and  must  not  be  less  than 
10-12.  In  a  number  of  selective  values  E  is  desirable  to  include 
values  I’li^o  and  I'n  =2/c  (perigee  point)  and  (apogee  point).  Thus, 

introducing  in  the  form  of  indices  the  numbering  of  all  selective 
values  for  the  eccentric  anomaly,  beginning  from  the  zero  index  for 
the  perigee  point,  wa  will  obtain  the  following  arbitrarily  selected 
values:  £n  =^*=o  (perigee);  £=£,;  £=£z...i=£A=n  (apogee)  ...£=£n=2n.  Let 
us  number  the  points  of  orbit,  which  correspond  to  the  selected  values 
of  E.  Thus  in  accordance  with  the  motion  of  satellite  along  the  orbit 
we  will  obtain  points  0,  1,  2,  ...,  A,  ...,  n. 


4.  For  each  value  E,  according  to  given  above  formulas  we 
determine  value  of  true  anomaly  Op  and  time  4,  for  which  satellite 
will  pass  from  perigee  into  each  point  p  of  orbit.  If  we  for  the  zero 
value  of  time  take  the  moment/torque  of  passage  as  the  satellite  of 
perigee,  we  will  obtain  a  certain  simplification  in  the  formula. 

Thus,  when  >1,  Eh=e,=o  let  us  find: 

t,,==(Ep  —  eimEp)^  3.9810»  ’ 

Here 

'’a  +  '’n  2/?  + 

a— - 5 - = - 5 -  .km, 

c'y  W 

/?=  6400  H  a  km. 


Key;  (1).  and.  (2).  in. 
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For  circular  orbit  for  zero  value  of  time  it  is  expedient  to  take 
moment/torque  of  passage  as  satellite  of  reference  point. 


5.  We  determine  geographic  latitude  of  each  point  of  orbit 
according  to  formula 


sin  Cp  —  —  sin  /  cos 


6.  We  compute  angle,  to  which  will  turn  itself  Earth  for  time 
t,  (s),  according  to  formula 

360  ,  /p  , 

24.3600  '’“So* 

Page  354, 


7.  All  values  it  is  brought  in  into  table. 


Key:  (1).  Niamber  of  the  point  of  orbit.  (2).  Parameter.  (3). 

Perigee.  (4).  Apogee. 


8.  On  line  of  section,  constructed  on  map/ chart  according  to  p. 
2,  knowing  geographic  latitude  $  in  accordance  with  fables  p.  7  let  us 
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plot  points  0,  1,  2,  A,  n. 

9.  We  shift/shear  each  point  on  line  of  section  to  appropriate 
value  Ai  in  accordance  with  table,  filled  out  according  to  p.  7.  The 
shift/shear  of  points  is  realized  along  the  parallels  of  latitude  from 
right  to  left.  Thus,  in  accordance  with  the  table,  carried  out  on  p. 

7,  will  be  obtained  points  2’,  ...,  A',  ...,  n',  moreover  1  and  1' 
will  be  apart  by  value  ©i  degrees  from  each  other,  and  points  A  and  A’ 
-  to  value  Ox  degrees  from  each  other. 

10.  Points  0,  1 ' ,  2 ' ,  . . . ,  m' ,  . . . ,  we  combine  by  line, 

which  will  be  geocentric  projection  of  orbit  of  satellite  taking  into 
account  rotation  of  Barth. 

11.  For  construction  of  following  section  of  projection  of  orbit 
should  be  repeated  p.  1,  after  taking  for  reference  perigee  point  n' , 
and  then  to  repeat  paragraphs  2-10. 

Appendix  2. 

Derivation  of  formula  to  Section  2.3. 

Fig.  n.2.1  shows  part  of  orbit  of  satellite,  whose  plane  has 
angle  of  slope  i  to  equatorial  plane.  Considering  that  orbit  altitude 
above  the  surface  H  Earth,  a  radius  R  Earth,  from  the  examination  A 


Obc  we  have 
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Ob^R^H. 

be’atsa{R^H)s\n^.  (n.2.1) 

From  the  examination  A  Oba 

ab^^Ok^ad  •t:{R-\-  H)^a. 

From  A  abc  follows 

be~‘t-ab$lntm,(R  +  H)ilnat:al.  (n.2.2) 

Equalizing  (n.2.1)  and  (n.2.2),  we  will  obtain 

tinc-iilna«ln{.  (11.2.3) 

Page  355. 

With  change  in  angle  a  on  a+da  we  will  obtain  respectively  change 
in  angle  ^  to  angle  of  ^+d$.  In  this  case  instead  of  expression 
((n..2.3)  we  will  obtain 


sin  (C  +  d  C)  =  siw  (“  + s*”  *  • 

After  conversions  of  latter/last  expression,  by  taking  into 
account  that  values  dS  and  da  are  low  and  therefore 

sindCadC;  cosdC=  I;  cosdosB  1;  slndaa=da, 

we  will  obtain 


sln/cosoda  =  cosCd;  +  slnC  —  sinosin*.  (11.2.4) 

Taking  into  account  (n.2.3),  we  find 

,  owC  cost 

sln/cosa  “  sin i VT:^lin»7  (11.2.5) 

or,  again  taking  into  account  (n.2.e),  we  will  obtain 


cosCdC 


dOMM 


(n.2.6) 


expression  (2.3.10). 


of  orbit  to  equatorial  plane  XY. 

Page  35S. 

In  Section  2.3  it  was  noted  that  with  the  values  5i=-i  or  $2=1 
expression  (2.3.10)  leads  to  the  uncertainty/indeteminacy.  Let  us 
consider  the  determination  of  integral  for  the  case  $2=1?  a  similar 
examination  is  applicable  with  $j=-i.  Let  us  rewrite  expression 
(2.3.10)  in  the  form 

„  =  -i- T  4.  JL  f  A<p(C)cc»UK_  ^^  2.8) 

•  2ji*  J  sin«C  2n*  J  yjin*  /—sin*; 

moreover  ve  will  consider  ■«  as  the  very  small  angle.  The  first 
integral  can  be  calculated  graphically.  For  calculating  the  second 
let  us  assume  that  when  change  $  near  value  of  1  the  function 


Af(C)  =  a  +  6sin  (i-C). 


(0.2.9) 
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where  a  and  b  -  constants. 


Designating  second . integral  in  expression  (0.2.8)  through  Apx 
(1)  and  taking  into  account  {n.2.9),  we  will  obtain 


APk(I)  = 


1  r  (o  — 6cos/»inC  +  <>c»n»co»C)cosC<ft 
J  — sln*C 


Substituting  into  first  two  addends  sin  ^-x  sin  i,  and  in  last 
addend  in  accordance  with  (0.2.3)  sin  ^-sin  a  sin  i,  we  v;ill  obtain 


APk(I) 


=  -J—  r  °  — ]  (•  _________ 

2n»  J  J  <  V  1  —  stn*  i  sin*  a  d  a, 


here 


_  «n(<  — r) 
s(n  i 


As  a  result  of  integration  let  us  find 


2«»  [®"*^“**''* + 
+  b  sin  /  jf  ;  sin » j  —  E  (arc  sin  ;  sin  oj j  • 


(0.2.10) 


Here  £^-Y;sinij  -  second-order  complete  elliptic  integral? 
£(arcsins:,  ■  sini)  -  incomplete  elliptical  second-order  integral. 


If  values  A(p(5)  with  $-i  and  S=i-e  are  known  and  equal  to 
respectively  AiiiO  and  A(p(  i-e ) ,  then  coefficients,  entering  in 
(0. 2.9) ,  will  be 


0=  A9(i>. 

A<p(i  — 1)~  A9(0 
sin  t 


In  this  case  instead  of  (0*2.10)  we  will  obtain 
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A  Pk  (1)  «=  i4  A<i(0  —  fl  49  (/ —  f). 


(n.2.11) 


Coefficients  A  and  B,  entering  this  expression,  are  functions  i 
and  e.  For  value  of  £=2.5“  (0.0436  rad)  coefficients  A  and  B  are 
represented  by  graphs  in  Fig.  2.3.2. 


Page  357. 


Thus,  knowing  values  of  A<p(i)  and  A(p(i-2.5“)  in  accordance  with 
carried  out  considerations  instead  of  (n.2.8)  we  will  obtain 

_L  r  .A|^£)^^  +  >1A9(0-BA9(«- 2.6“).  (0.2.12) 

2n*  V^sin*i  — sin»C 

where  coefficients  of  A  and  B  they  are  found  from  graphs  Fig.  2.3.2 
through  known  value  of  dip  angle  of  orbit  i. 


Appendix  3. 


Frequency  bands,  isolated  to  the  communication  systems  through  IS2. 

During  determination  of  frequency  band,  necessary  for 
communication  systems  through  ISZ,  were  consider'^d  both  future 
requirements  for  quantity  of  channels  of  communication,  and 
possibilities  of  isolation/liberation  of  frequency  sections  in 
different  range.s  without  disruption  of  work  of  existing  radio  aids. 
Taking  into  account  this,  in  1963  in  Geneva  was  created  the  extreme 
administrative  conference  of  radio  communication  (ChAKR),  at  which  was 


DOC  =  86120420 


PAGE 


examined  a  question  of  the  appropriation  of  the  frequency  bands  for 
the  space  radiolink  systems.  Arrangement/position  was  based  on  the 
recommendations  to  reports  of  the  X  plenary  assembly  of  J-2CKR.  The 
fundamental  technical  principle,  assumed  as  the  basis  of  the 
appropriation  of  frequencies  to  space  radiolink  systems,  is  the 
possibility  of  the  joint  use  of  one  frequency  band  several  different 
radio  services.  The  examination  of  a  similar  coincidence  of  different 
radio  services  in  the  general/common  frequency  band  showed  that  the 
communication  systems  through  ISZ  it  is  technically  expedient  to 
combine  with  the  radio  relay  lines  of  sight,  which  are  placed  in  the 
category  of  the  fixed/recorded  services. 

For  decreasing  interferences  with  each  of  radio  services,  worker 
in  combined  frequency  band,  are  introduced  specific  limitations  of 
radiated  power,  given  in  Chapter  9,  and  international  coordination  of 
appropriation  of  frequencies  also  is  provided  for. 

Taking  into  account  recommendations  and  reports  of  MKKR,  for 
communication  systems,  which  use  ISZ,  for  different  areas  of  world 
were  isolated  frequency  bands,  enumerated  in  Table  n.3.1. .  Let  us  note 
that  to  area  I  pertains  the  USSR,  the  European  countries  and  the 
country  Africa,  area  II  includes  North  and  South  America  and 
Greenland;  the  remaining  countries  enter  into  area  III. 

Table  ii.:n  shows  services,  with  which  communication  systems 
through  ISZ  must  together  use  different  frequency  bands  .on  equal 
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rights/laws  (on  primary  base).  One  should  note  that  in  some  countries, 
except  the  services  enumerated  in  the  table,  are  some  others.  In  the 
table  italics  printed  the  services,  which  use  the  appropriate 
frequency  bands  on  the  secondary  base. 

Stations,  which  use  frequency  bands  on  secondary  base,  must  not 
cause  harmful  interferences  with  stations,  which  use  frequency  bands 
on  primary  base,  they  cannot  require  protection  from  harmful 
interferences  from  side  of  station,  which  use  frequency  bands  on 
primary  base,  but  they  can  require  protection  against  harmful 
interferences  from  side  of  other  stations  of  the  same  or  other 
service,  which  use  frequency  bands  on  secondary  base. 

Let  us  give  definitions  of  some  services,  emmierated  in  Table 
n.3.i,  in  accordance  with  regulations  of  radio  communication,  accepted 
in  1959  in  Geneva. 

Fixed/recorded  service  *-  radio  communication  service  between 
specific  fixed/recorded  points/items. 

Mobile  service  -  radio  communication  service  between  mobile  and 
ground  stations  or  between  mobile  stations. 

Service  of  radar  -  service  of  radio-determination,  which  realizes 
application  of  radar. 


Page  358. 
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Amateur  service  -  service  of  self-improvement,  coupling  and 
technical  research,  realized  by  lovers,  i.e.,  by  those,  who  have  for 
this  official  permission/resolution  and  who  are  interested  in  radio 
engineering  exclusively  for  personal  purposes  and  without  any  material 
interest. 

One  should  note  that  solutions,  accepted  by  ChAKR,  on  the  basis 
of  which  is  comprised  Table  n^.i.  must  be  realized  from  1  January, 
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Table  n.s.i 


CD  PtiMi  3 


^Pa*o«  i 


3400-1-3600  Mai  Cl) 

O)  <^HKCHpOBaBUaR 
noABHiiojaa 

^  CnyriiuK  c^3h  (cnyr* 
3auifl) 

CS)  PaduoMKPHUX 

3600-J-4200 
9  <I>HKCHpoBaHBaa 
^  CnyrHHK  cBasH  (cnyr- 
HBx— 3eim) 

^  noABHKuaa 


•  3400-1-3500  MaiG> 
PaA^OKawia 
(M)  CnyrHHK  cbhsk 
(cnyrHHK— SeiMfl) 
C7^  JIio6umeju 


3500-1-3700 

'^<I>HKCHpOBaHHaH  < 

(  &  riOABHHCHafl  ( 

VPaAHOJioxaiWH  ■ 

'  |/CnyTHHK  CBH3H '  (cnyT-' 
uuK— Sauifl)  (. 


^O-i-3700  Meii 
v  PaAHCuioKauHa 
i)Cn^HK  CJ-aSH  (cnVTHHK- 
.  3eMaa) 

'  •PuKcupoeaHHan 
)nodeuxHttH 


3700-4200  Men  S> 

fOHKcHpoBaHRaa 

noABHHCHaa 

CnyrHHK  caasH  (cnyr- 
_ nJK— Setma) _ 

^  4400-1-4700  Ala<^ 

<l>HKCHpoBauHaa 

TloABHaoiaH 

Cf  )  CnyrHHK  cbh3h  (Senna— cnyruHK) _ 

6726-1-6860 
^  PaAXMOKaitBa 

wCnyruHKii  cbbsh  (3euna— cnyrHHXH) 

(V  JUiMumtAU 


8850-1-5P25  Men  ® 
Jf  OHKcHp:  3HBaa 
(&  nOABHXB.  1 

CnynniKH  CBaaa 
(3a(Aa— cnyraa) 


5850+5925  Men  ® 
^  (DuKcupoBaHHaa 
noABHjKHaa 
CnyTHHKH  CBasH 
(3wna— cnyrHHK) 

^  PaduoMKOHM 


§  6926+6425  MoiCp 
OHKCHpoBaHHaa 
noABBKBaa 

Cnyraua  csasa  (Seiuu— cnyrBHK) 

^7260+7300  Alai^ 

^Orynaai  caasB  (cnyrsHK— Seiuia) 

”^'^+^50  Mai^ 

4>UKCHpoaaHBaa 

rtoABOKuaa 

^  CnyTHHKH  CBH3H  (cnyTHHK— Souih) 

7900+7975  Mat® 

^  OHKCHpoBauuaa 
^  noABWKHaa 

CJ>  CnymaKH  cBaaa  (Seiuia— cnymuc) 

^  7976+8025  Ma(^ 

(y  CnyTHHKH  cnaan  (ScMna— cnymuK) 

_  8025+8400  Ma/3> 

\P  <taKaipoBaHHaa 
^  riOABHlKHaH 

W  CnyTHHKH  CJ8SH  (SeiUIH—  cnyTHHK) 
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Key:  (1).  Rt-gion.  (2).  MH~.  (3>.  F'xed/recorded.  (4).  Radar. 

(5).  Mobile.  (6).  Communication  satellite  (satellite-Earth) .  (7) 

Lovers.  (8).  Radar.  (9).  Comraunication  satellite 
(Earth-satellite).  (10),  Coiiununication  satellites 
(Eai'th-saicellites) . 


Page  359. 


Appfindix  4, 


Transmission  levels. 


In  cowmurication  equipment  it  is  accepted  to  express  power 
levels,  voltage  and  current  not  in  absolute  units  (W,  V,  A),  but  in 
relative  uni-cs  (Np  or  dB),  which  characterize,  on  how  much  neper  or 
decibel  the  examined  power  level,  voltage  or  current  (P;  U;  I)  differs 
from  appropriate  initial  values  (P,;  Uo?  Ic)*  Thus, 


(n.4.j) 


(0.4.2) 


loig  —  .  S. 

,  u  Q  u  it 

,  Hm,  Muu^  20lg— 


Key :  ( 1 ) .  or . 


Jn .  WI,  ^  (=:20}g-p  (0.4.3) 

*9  /# 


Values  in  nepers  and  decibels  are  connected  with 


relat ionships/rat ios : 


1  -  8,686  ^  \ 

1  ^-0.116 


(0.4.4) 


Key:  (1),  Np. 
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It  is  accepted  to  distinguish  three  forms  of  levels:  absolute,- 
relative  and  measuring.  Let  us  consider  the  determination  of  these 
levels. 


Page  360. 

If  as  initial  level  in  expression  ■  (n.4.1)  value  Po=l  mW  is 
considered,  this  level  is  called  absolute  level  and  is  expressed  in 
dBm  (decibels,  calculated  relative  to  1  mW)  or  Np.  Thus,  absolute 
levels  can  be  computed  according  to  the  following  expressions: 


In- 


fJIWt]* 


{n.4.5) 


Key:  (1).  Np.  (2).  dBm. 


For  calculating  absolute  level  of  voltage  U(v)  or  current  I{ma) 
as  original  values  in  expressions  (-^.4.2)  and  (n.4.3)  they  take 
value  of  actual  voltage  Uo=0.775  V  on  resistor/resistance  of  600  ohms 
or  effective  current  Io=1.29  mA,  which  takes  place  through 
resistor/resistance  of  600  ohmsc  The  selection  of  values  U,  and  lo  is 
determined  by  the  fact  that  these  the  voltage  and  current  on  the 
resistor/resistance  of  600  ohms  develop  the  power  of  1  mW.  The 
absolute  levels  of  voltage  and  current  on  any  resistor/resistance  of  2 
can  be  determined  from  the  formulas; 


u  =3  In 


U, 


_ifL 
0,776  —  2 


U, 


f*] 


600  ’  ^5  “  ~  0,775  — 


600  ' 


(n.4.b) 


In-^,  tSi;  <“20!g-jj^+ Idg (n.4.7) 
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If  during  calculation  of  transmission  level  for  initial  value  is 
accepted  power  coefficient,  voltages  or  current  at  point,  which 
corresponds  is  accepted  power  coefficient,  voltage  or  current  at 
point,  which  corresponds  to  origin  of  circuit  or  system,  then  this 
level  is  called  relative.  Thus,  relative  level  shows  a  difference  in 
the  levels  (expressed  in  the  nepers  or  the  decibels)  at  the  point  in 
question  and  at  the  initial  point  of  circuit. 

Consequently,  if  at  input  of  circuit  absolute  level  of  power  is 
equal  to  and  at  certain  point  of  system  absolute  level  is  equal  to 
Pi,  then  relative  level  will  be  determined  by  expression  pi-p.x. 

The  measuring  level  is  called  absolute  level  at  point  of  circuit 
or  system  in  question  when  in  the  beginning  of  it  zero  absolute  level 
is  established/installed,  i.e.,  into  point  with  zero  absolute  level 
signal  is  given  by  power  of  1  mW. 

One  should  note  that  during  calculations  sometimes  it  is 
necessary  to  determine  amount  of  power  in  terms  of  known  value  of 
absolute  transmission  level  p.  In  accordance  with  expressions 
(11.4, 5)  this  can  be  carried  out  according  to  the  fonnulas; 

P=^f.  mW  (if  p  is  determined  in  Np)  (n.4.8): 

/>=:io»ip  mW  (if  p  is  determined  in  dBm)  {n.4.9). 

Appendix  5. 

Characteristics  of  stationary  random  process  with  the  zero 
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average/mean  value-,  and  the  normal  distribution  law. 

According  to  [6.63.fc5r  stationary  random  process  of  u<t)  with 
normal  distribution  law  and  with  Ssero  average/mean  value 

«  =  (n.5.i) 

are  satisfied  following  conditions. 

1.  Stability  condirion:  function  of  distribution  W  of  any  order 
n  remains  constant/invariable  v/ith  shift/shear  of  zero  time  reference 
to  any  interval  r,  i.e. 

«*;  .  .  i;  Vt  •  •  .'n)  »= 

«a}  + t;  .  .  #„  +  »).  (11.5.2) 

Page  361. 

Here  «>;  “j . “•  -  levels,  which  are  not  exceeded  for  any  realization  of 

random  process  at  the  moments  of  time  ft:  h . 

2.  One-dimensional  function  of  distribution  (probability 
density)  does  not  depend  on  time? 

(u;  t)  =  Vi  {«;  /  +  t)  =  («).  (0.5.3) 

Taking  into  account  that  multichannel  signal  has  normal 
distribution  law  and  satisfies  condition  (n.s.i),  we  obtain,  that 
one-dimensional  function  of  distribution  (one-dimensional  probability 
density) 
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This  function  has  maximum,  equal  to  •  with  value  of  u-0; 

plotted  functions  for  different  a  are  represented  in  Fig.  n.5.i. 

From  these  graphs  it  follows  that  the  less  the  parameter  a,  the 
greater  the  maximum  probability  density  and  the  more  compact  the 
weight  values  of  function  Wi(u).  Thus,  with  the  decrease  o  increases 
the  probability  of  the  determination  of  the  process  in  the  region  of 
the  assigned  width  in  question,  which  includes  point  u=0. 

Let  us  note  that  parameter  a  -  rms  or  standard  deviation  of 
random  process. 

3.  Dispersion  -  is  constant  and  does  not  depend  on  time.  The 
value  of  the  dispersion  of  process  with  the  normal  law  distribution  is 
equal  to  c  * . 
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where  B(t)  -  correlation  function  of  random  process,  found  for  value 
of  r=ta'ti,  and  B{0)  -  for  value  t=0. 


5.  Correlation  function  B{ti;  t^)  -  even,  that  depends  only  on 
difference  in  countdowns  tj-tj^T: 

«•  <• 

tt)  =  B(x)  =  u^,=  ^  «»:  T)<fui<iK».  (n.8.8) 

Here  Uj=u(ti);  Uj=u(ti )=u(ti+T) . 
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If  stationary  random  process  with  zero  average/mean  value  is 
determined  by  some  regular  (not  random)  function  f{u)  from  value  u, 
which  is  by  chance  in  time,  then  correlation  function  of  this  process 

90  M 

/(«*)»  J  (n.6.9> 


Stationary  processes,  whose  average/mean  value  and  dispersion  do 
not  depend  on  time,  but  correlation  function  depends  only  on  time 
difference  t,  they  are  called  stationary  in  the  broad  sense 
(stationary  according  to  A.  Ya.  Khinchin)  .  Let  us  note  that  the  random 
processes,  scationary  in  accordance  with  (n.5.2),  will  be  stationary 
in  the  broad  sense  (but  not  vice  versa). 


If  random  process  possesses  property  of  ergodicity,  correlation 
function  can  be  calculated  according  to  only  realization,  for  example 
realization  k  of  random  process; 

r 

B(T)  =  «(0«{/  +  T)-Hni-^  f  «*(/)«* (/  +  T)<tt.  (n.5.10> 


(n.5.io> 
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Let  us  note  that  according  to  (n.5.8)  correlation  function 
characterizes  degree  of  statistical  connecrion/communication  of 
adjacent  elements  of  random  process,  distant  to  par iod  r. 

For  stationary  processes,  whose  average/mean  value  is  equal  to 
zero,  are  observed  conditions: 


llinB(T)«fl(0)  =  o».  (n.5.12y 

On  the  other  hand,  assvmiing/setting  in  expression  {n.5.10)  t-^0,  let 
us  find 


i 


r 

llniB(T)»fl(0)-.7?r(0«Ilm -Jrf  (ri.6,13>  • 

•wO  T  J 

9 

Equalizing  (11,5.12)  and  (11.5.13),  we  find 

fl(0)-io**.i;»(iy=  (0.6. M> 

Consequently,  correlation  function  with  t=0  is  equal  to 
dispersion  and  is  average/mean  power  of  random  process  in  question  on 
load  resistance/resistor,  equal  to  1  ohms. 

6.  E  ergy  spectriun.  As  showed  N.  Wiener  and  a.  Y*.  Khinchin, 
the  correlation  function  .of  the  stationary  random  process  B(t)  and 
spectral  density  (energy  spectrm)  G(R)  were  connected  with  5‘ourier 
transforms: 

00  CO 

j  =  ^  Jo(0)cMfiTdQ. 


(0.5. 15> 
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fl(T)e“‘®*dt»  <  ffl(T)ccsQTdT.  (n.5.l6^ 

Page  363. 

Normal  stationary  processes  can  differ  from  each  other  in  terms 
of  form  of  correlation  function  or  energy  spectrum,  given  in  each 
specific  case  by  further  conditions.  The  known  amount  of  power  AP, 
which  falls  to  the  band  of  frequencies  AF=Fj-Fi,  where  F,  and  Fi  - 
values  of  frequencies  on  the  edges  of  band,  can  be  one  of  such 
conditions. 

In  this  case  spectral  density 

A  P 

0(Q)-.llm2«*-7r«0e.  m.6.17) 

Aa-.o  AQ  ® 

Correlation  function  B(t)  and  spectral  density  GiCl)  of  stationary 
random  process  possess  all  properties,  inherent  in  pair  of  Fourier 
transforms.  For  example,  during  the  expansion  of  energy  spectrum  G(n) 
correlation  function  is  made  by  narrower  more  compact.  By  other 
words,  for  the  family  of  the  energy  spectra  of  the  assigned  form  the 
product  of  the  time  of  correlation  7,  to  width  of  band  AF  of  energy 
spectrum  is  constant  value. 

Let  us  note  one  additional  property  of  functions  B(t)  and  G(n); 
correlation  functions  of  two  stationary  random  processes  Tiiit)  and 

dr 

=  -^re  connected  with  dependence 


fl(Q)=2  [ 
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I  i*e*  correlation  function  of  process  7?s(t)  is  equal  to  second 

!  derivative  of  correlation  function  of  process  7?i(t),  undertaken  with 

opposite  sign.  In  this  case  must  be  satisfied  condition  B"(0)5*». 
Energy  spectrum  of  random  process  ritit)  can  be  determined 

I  through  energy  spectrum  G^iSl)  of  process  etjCt)  as  follows; 

I  C|((2)>«Q*0|(£I).  (n.5.19) 


I 


Appendix  6. 

Determination  of  the  percentage  distortions  of  the  amplitude 
characteristic  of  amplifier. 

Amplitude  characteristic  can  be  represented  as  where 

nonlinear  dependence  /fuii)  is  approximated  by  polynomial  of  form 

/  (“k)  •=  «»x  +  ®8  *•»«  +  •  •  (n.6.1) 

Here  -  voltage  on  the  input  of  amplifier, 
u.wx  -  output  potential  of  amplifier, 

On  -  the  coefficients  of  polynomial,  which  correspond  to  degree 

of  n. 

=  (11.6.2) 

we  will  obtain 

«»iix-«+a»u*  +  «V»*+  .  .  .+0/n«'”  •  (n.6.3) 


Here 


3  •  *  ♦ 

4 


* 


(n.6.4) 


If  we  to  the  input  of  amplifier  conduct  the  harmonic  oscillation 


Uvi  =  Un«*Qt, 


(n.6.5) 
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at  the  output  will  have 

m 

««x  =  i/C08fl/4.2]oi^COS"0/. 

Page  364. 

Here 

U  s  Qj  Uga* 


(n.6.6) 


(n.6.7> 


Being  limited  m=5  and  taking  into  account  that 

cos*x  (cm 2* 4- 1) 
eo8*jc  =  -|-(eDs;^3*+  3co$x) 

j  .  (n.6.8> 

ooc*  «  ME  ~  (cQc  ir  4- 4co(  2x  4- 3) 

O 

•o**x  =  -~(coi6*4-5cos3*4-  lOcosx) 

After  conversion  and  without  terms  with  constant  component 
instead  of  ,  (n.6.6)  we  will  obtain 

6 

^  UltCoakQt,  (n.6.9> 

M 

moreover  in  accordance  with  '  (n.6.6)  and  (n.6.8) 

3  5  ^ 

=  +  •  (0.6.10) 

Ug^-ja^U* 

Ug  =  —aJJ* 


Hence  follows: 


Consequently,  if  .the  amplitudes  of  oscillations  Ui-U*  will  be 
measured,  then  on  (0.6. 11),  (0.6.12)  can  be  obtained  the  values  of 

coefficients  of  aj-a,. 

Furthermore,  if  is  known  value  of  input  voltage  y,x.  then  from 
(0.6.12)  and  (0.6.7)  can  be  obtained  value  of  coeff  icient  ai  =  -^ ,  and 

C/f* 

from  (0.6.4)  and  (0.6.11)  -  value  of  any  coefficient 
entering  initial  expression  (0.6.1). 


When  characteristic  of  nonlinearity  of  amplifier  can  be 
approximated  by  polynomial  of  smaller  degree,  for  example  cubic,  all 
coefficients  can  be  calculated  according  to  given  formulas,  if  we  in 
them  assume  that  values,  which  have  indices  higher  than  third,  are 
equal  to  zero.  The  obtained  relationships/ratios  make  it  possible  to 
determine  coefficients  a  or  a  on  the  known  voltages  Ui  and  Uj  or  -to 
solve  inverse  problem.  However,  in  practice  it  is  frequently 
necessary  to  determine  on  coefficients  of  a  or  a  the  values  of  the 


DOC  =  86120420 


PAGE 


coefficients  of  nonlinear  distortions  or  the  value  of  the  index  of 
nonlinearity. 


By  coefficient  of  nonlinear  distortions  on  n  harmonic  hrwls  ratio 
of  amplitude  of  this  harmonic  to  amplitude  of  fundamental  harmonic, 
measured  at  one  and  the  same  point  of  circuit  during  the  supplying  of 
specific  level  Pi  into  starting  point  of  circuit: 


«/•</•!)= —  •  (n.6.i3) 

Index  of  nonlinearity  of  order  n  at  point,  where  absolute  level 
of  fundamental  harmonic  is  equal  to  pj ,  which  corresponds  to  voltage 
Uj,  it  is  determined  by  relationship/ratio 


*n(Pi)  =  ln 


{n.6.14) 


If  we  in  (  (h.6.13)  or  (.P.6.14)  substitute  values  of  voltages 
from  (n.6.10),  then  it  is  easy  to  see  that  coefficient  of  nonlinear 
distortions  and  attenuation  index  depend  on  stress  level  of 
fundamental  harmonic,  on  which  they  are  determined.  Thus,  for 
example,  considering  for  simplification  of  calculations  that  a4=as=0, 
and  assxaming/setting  sufficient  to  low  value  of  a,,  as  a  result  of 
which  from  111.6.10)  let  us  find: 

o 

U,  =  U;Ut  =  -Y  =  T 

Therefore  in  this  case 


&,  =  Id  ■  —  , 
A'»=  -rOft/f;  *,=  In  — ^  . 
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Let  us  note  that  from  given  relationships/ratics  it  follows  that 
with  change  in  input  vol  .age  Ui  Z  times  (or  power  Z*  times)  value  of 
percentage  distortions  K..  will  be  changed  -..-i  times,  and  attenuation 
of  nonlinearity  -  to  value,  equal  to  This  is  correct  under 

the  condition  of  the  low  nonlinearity  of  the  characteristic  (  or 

where  n=2,  3,  4.).  Thus,  depending  on  value  Uj  will  be  obtained 
different  values  k,.  and  In  order  to  introduce  certainty  during  the 
determination  of  values  /(„  and  it  is  necessary  to  indicate  the 
value  of  voltage  level  (or  power  level),  with  which  were  determined  or 
must  be  determined  these  values.  Specifically,  this  is  stressed  by 
the  fact  that  in  (‘n.6.13)  and  (n.6.14),  and  also  in  the  subsequent 
expressions  for  the  coefficients  of  nonlinear  distortions  and  indices 
of  nonlinear  distortions  in  the  brackets  is  indicated  the  power  level 
of  the  fundamental  harmonic,  on  which  are  determined  /c,  and 


From  (n.6.13)  and  (n.6.14)  it  follows  that  between /Caand»„  there 
are  relationships/ratios: 


{n.6.15) 
(0.6.  lb) 


Taking  into  account  {n.6.14),  instead  of  (n.6.12)  and 
Cn.6.11),  we  will  obtain; 

{/  =  Vj  _  3 ^  +  5 =  Ux (l  -  3e-**  +  5e-‘‘  'p-’)  =  .  (n.6. 17) 

A,  =.  1  -  +  Se-"*  (n.6. 18) 
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If  amplifier  introduces  low  nonlinear  distortions  and, 
consequently,  attenuations  of  nonlinearity  of  different  orders  large, 
it  is  possible  to  count 

^—b,{po  ^  j.  ^  jj  <  1;  e”*"*  !•  (n.6.20) 


Inequalities  (n.6.20)  make  it  possible  to  considerably  simplify 
obtained  expressions,  since  in  this  case  value  Ai=l,  and  therefore 
instead  of  (.n.6.17)  let  us  find  U=Ui.  Considering  that  with  voltage 
Ui  on  resistor/resistance  of  R  power  Pj  is  developed,  on  the  basis  of 
Appendix  4  we  have 

tr  =  f/i=:V2^=  e^*  {n.6.21) 


and  respectively  we  will  obtain 


0,  -  2  {  «-  !*•  ^ 


With  pi=0,  i.e. 
absolute  level. 


a,  4  {  e- -  5e- 


(n.6.22) 


*  2R/2i? 

a.  SB  Ifie“  IW  J  +  ~ 

,  during  the  determinations  at  point  with  the  zero 
these  expressions  substantially  are  simplified. 
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Expression  (  H  .6.22)  establishes  connect ion/conununi cat ion  between 
indices  of  nonlinearity  of  order  n  and  coefficients  o„.  Keeping  in  mind 
(11.6.16)  and  (n.6.21),  on  the  basis  (11.6.22)  it  is  easy  to  switch 
over  to  the  coefficients  of  the  nonlinear  distortions: 

'  .  in. 6. 23) 

a.=  (^)  /(.(Pi) 


It  is  obvious  that  for  determining  coefficients  a„  from 
expressions  (n.6.22)  or  (11.6.23)  it  is  necessary  to  fulfill 
measurements  on  all  harmonics,  including  the  fifth.  This  is  realized 
only  in  such  cases,  when  the  cut-off  frequencies  of  the  group  spectrum 
Fi-Fj  are  connected  with  relationship/ratio  5Fi<Fj,  which  corresponds 
to  the  relative  width  of  the  group  spectrimi 


f,-Fi 

0,5-6Fi 


1,31. 


When  relative  bandwidth  is  lower  than  this  value,  determination 
of  coefficients  tt„  from  given  fomulas  cannot  be  fulfilled,  since  it 
will  prove  to  be  impossible  to  measure  attenuation  of  nonlinearity  or 
coefficients  of  nonlinear  distortions  of  higher  orders  (for  example, 
the  fourth  and  the  fifth).  For  determining  the  coefficients  a„  in 
such  systems  it  is  necessary  to  resort  to  other  methods  of 
measurements,  for  example  to  the  method  of  two  tones.  In  this  case  to 
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the  input  of  amplifier  are  supplied  two  oscillations/vibrations  with 
the  identical  amplitudes  and  such  frequencies  of  and 

which  lie/rest  at  the  band  of  the  efficiently  reinforced  frequencies. 
Then 

M„  =  i;^[cosQa/  +  cosQt/J.  (n.6.24) 

Analogously  {  n.6.6)  at  output  of  amplifier  we  will  obtain 

m 

umx  =  U(c<»Qai+tosQct)+  ^ flat/*  (cos  Qa /  + cos  Dc /)"  .  (n.6.25) 

am3 

Here  U  is  determined  by  expression  {  n»6.7). 

From  expression  (11.6.25)  it  follows  that  together  with  the  components 
of  the  frequencies  of  form  mSi,  and  mQc  during  the  supplying  to  the 
input  of  the  nonlinear  amplifier  of  two  oscillations/vibrations  at  the 
output  will  be  present  the  components 

aM(pQa<)’cos(9QeO==  {co8((pQa-f-«'Qc)/J  +  cos[(pQfl  — ^Qf)  <J). 

(n.6.26) 

Here  p  and  q  -  series/rows  of  independent  natural  nxambers, 
moreover  p+q=n,  where  n~2,  3,  4,  5. 

Taking  into  account  that  relative  width  of  band  of  amplifier  is 
usually  small,  we  will  be  bounded  to  examination  of  components  with 
frequencies  Q.— Oc;  2Q.— Uc,-  2u„  _2q.;  3Qu— 2Qc,  formed  with  values  p  and  q, 
respectively  equal  to  p=l  and  q=l;  p=2  and  q=l;  p=2  and  q=2;  p=3  and 
q=2,  and  also  components  with  frequencies  of  and  Oc,  formed  with 
values  of  p=l;  q=0  and  p=0;  q=l. 
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For  these  components  from  (  11. 6. 25)  we  will  obtain; 


i/a„-Q^  =  a,t/*  +  3a4f/« 

3  25 

^2Q„-2p,  = 


(n.6.27) 


From  these  expressions  let  us  find; 


8 

a^  — 

5 

U* 

4 

<*4  — 

3 

•  u* 

4 

flj  — 

3 

L  u* 

fl-  - 

«P 

1 

1  -  - 

aJJ*  4  i 

l/»  J”3l/»  [  1 


(0.6.28) 

Value  U  can  be  determined  through  value  or  (from  n.^. 

U  =  ■  ("-6.29) 

Subsequently  for  brevity  of  recording  we  will  lower  in  indices  of 
designation  Qa  and  Qc.  keeping  in  mind,  that  in  first  place  in  index  is 
written/recorded  reference  nxjmber  of  harmonic  of  frequency  a.,  and  in 
second  place  of  index  is  written/recorded  reference  number  of  harmonic 
cf  frequency  Qc.  Thus,  component  t/(38o-2s,)  will  be  registered  as  U3_i, 
and  designrtion  will  determine  component  ■ 
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Taking  into  account  aforesaid  and  keeping  in  mind,  which 

Ux  =  e^‘. 

iViL ... 

Ux 

moreover  bp-i(pi)  determines  attenuation  of  nonlinearity  of  order  n=p+q 
(in  nepers)  at  point,  where  level  of  fundamental  tone  is  equal  to  pi, 
expressions  {  n.6.29)  and  {  J] ‘S.ie)  can  be  registered  in  the  form: 

(/  =-  i/,  fl  - 3-^^  -6-^^)  =.t/i(l  —  3e‘^2-l  _ 5e~'’3-2)  =  UxBxi  vn.6.30) 

fl,  ==  1  -  3e“*2-i  (n.6.31) 


i/=- 

-i/,(l-3- 

U2-1 

Ux 

t/t(l-3e‘^2-J 

-5e' 

1 

f 

1 

^’i 

*3-2 

*  [  e"*! 

1  'P*’ 

■  UxBi  \ 

Ux 

"a 

4 

\ 

1  ,  ^^3-2 

)-  ‘ 

4 

^2-2 

4 

-  ,.■■''2-2 

Ot 

~  3ajB} 

Ux 

W\Bl 

8 

U^2 

8 

.  e~*3-2 

Ux 

{n.6.32 

Page  369. 

2ji  the  case  of  amplifiers  with  a  small  nonlinearity  of  value 

<P‘>  «  i;  e"''2-i  «  l;  e"''*-**'’*’  «  !;  i.  {n.6.33) 

In  this  case  of  Bi=l  expressions  are  simplified: 

U  =  Ux=Y^^'  (n.6.34) 

V  2/?  ^ 


a,  =  4  (  e"  (  Vi  +'’■) Se"  (  +'’-)J 

3R 

«,  =  — V_e-(V2+*’‘) 


(n.6.35) 


In  these  formulas  for  brevity  of  recording  index  pi  in  value, 

which  determines  attenuation  of  nonlinearity,  is  omitted,  since 

absolute  level  of  fundamental  tone  Pi  is  written/recorded  in  the  same 
expression. 
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Appendix  7. 

Derivation  of  formulas,  which  determine  coordinates  of  points  of 
interacting  antennas. 


f 

i 

r 

I 

t 

I 

i 


Let  us  at  first  consider  case,  when  angle  of  elevation,  at  which 
occurs  reception  or  emission  of  oscilletion/vibration  of  terrestrial 
antenna  to  side  of  satellite,  is  equal  t*"*  zero.  Fig.  n.  7.1  shows  the 
surface  of  the  Earth  radius  R=OK=OM=OC  with  center  0.  Let  us  assume 
that  at  point  K  the  antenna  of  terrestrial  station  is 
established/installed,  and  along  the  circular  equatorial  orbit  EAfl 
with  a  height/altitude  of  H=MA  satellite  moves.  If  we  to  point  K  lead 
tangential  plane,  then  the  orbit  of  satellite  will  cross  plane  P  at 
two  points  -  in  A  and  D.  With  plane  P  the  axis  of  the  major  lobe/lug 
of  the  antenna  radiation  pattern  coincides.  We  will  consider  that  the 
satellite  is  located  at  point  A,  and  let  us  establish  the  geometric 
relationships/ratios,  which  determine  the  coordinates  of  points  A  and 
K  depending  on  the  orbit  altitude  H=MA  and  latitude  of  point  K  (which 
is  determined  by  angle  ^=K0C) .  Let  us  consider  that  the  zero  meridian 
passes  through  point  O’;  therefore  the  longitude/length  of  point  K  is 
determined  by  angle  ■40'0C\  and  the  longitude/length  of  satellite  -  by 
angle  ^  (yoA.  Let  us  designate  difference  in  these  longitudes/lengths 
t-hrough  angle  9=>^aoc. 

Page  370. 

After  dropping  perpendicular  from  point  K  to  equatorial  plane,  we 
will  obtain  point  N,  moreover  kn±oc.  From  A  OKN  follows 

/fV=-/?sJnC. 

OVaa^CMC. 


{n.7.i> 

(n.7.2> 
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Let  us  connect  points  N  and  A  and  let  us  consider  AONA,  in  which 
2LA0N-=(v.  OA=R+H,  ON=R  COS  therefore  according  to  lav  of  cosines 
(ANy^^iAOy ■\-(Osy—2 (AO){ON) ca&tf,  after  substitution  we  obtain 

{Atff  -(/?  +  //)*  +  i?*  cos»  C  —  2/?  (/?  +  //)  cos  £  cos  q).  (n.7.3) 

In  AAKN  straight  line  an,  which  lies  at  equatorial  plane  (orb.lt 
EAD  it  is  equatorial),  to  perpendicular  line  KN.  Therefore 

(ylA)*  =  (AiV)*  +  (W. 


Taking  into  account  (0.7.1)  and  (0.7.3),  after  owi.vcrsions  we 


find 


(AK)*  =  (/?  +  //)*  +  «*  —  2i?  (/?  +  //)  cos  £  cos  (p.  (0.7.4) 


Let  us  consider  now  AAKO.  Since  plane  P  at  point  K  is  tangential 

to  the  surface  of  the  Earth,  ^AK0=~. 

2 


Therefore 


(A/Q*  =  (AO)*  -  m  =  (^  +  ^)*  - 


(n.7.5) 
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Fig.  n.  To  the  derivation  of  the  formulas,  which  determine  the 

coordinates  of  the  interacting  stations. 


Page  371. 


Equalizing  (0.7.4)  and  (0.7.5),  we  will  obtain 


f  =  arc  cos  ■ 


(i?  +  W)C06C 


(n.7.6) 


Let  us  now  move  on  to  more  general  case,  when  angle  of  elevation 
of  ground  antenna  to  side  of  satellite  is  not  equal  to  zero,  i.e., 

=  y  +  (n.7.7) 

here  ^  -  angle  of  elevation. 


From  A  AKO  according  to  the  theorem  of  the  sines 

AO  _  OK 
AKO)  sltH-fKAO)  ’ 

Therefore 

/?  +  «  R 
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Consequently,  upon  consideration  of  (  11. 7. 7) 

KAO  =  arc  sin  ^  Cl's  p. 


Since  sum  of  angles  '  f  triariglc-'  Is  equal  to  v,  and  angle  -)AKOr=>y, 

[v  +  arcslnf--— ;^yjcospj.  (0.7.3) 

Using  for  A  AKO  1  .u?  of  cosines,  wp  viil  obtain 

(AK)*  ^  (AO)*  +  (OK)*  -  ?  (AO)  (OK)  cos  (^  KOA) 

with  s’jbstitution  (  fj  *7.8)  and  the  introduced  earlier  designations, 
after  conversions  let  us  find 

R  1 

(AK)*  =  (/?  4-  «)*  I-  ^  2  (>?  +  //) «  cos  I^Y  +  arc  sin cos  PJ  -  (H  .7.9) 


Equalizing  (11.7.9)  and  (11.7.4),  we  will  obtain 


■  co»[Y  +  arcsIn(-^^^)cosP 


(n.7.10) 


Page  372, 

Taking  into  account  {  n*'^*7),  and  also  known  trigonometric 
relationships/ratios 

srctin  a  =  —  arc  coS€  4-  —  . 

2 

ca8(n  +  a)  =  —  cosa, 

we  will  obtain 

{n.7.11) 

However,  after  leading  similar  linings/calculations,  it  is 


COS9  =  ' 
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possible  to  obtain  following  relationship/ratio,  which  determines 
azimuth  angle  of  direction  from  ground  station  to  ISZ  [artificial 


earth  satellite] j 


tgi4sinC  =  tg9.  {n.7.12) 

Distance  between  terrestrial  station  and  ISZ,  designated  through 
L,  is  determined  by  straight  line  AK.  In  accordance  with  {  .1.7.9)  and 
(  n.7.11) 

=  +  cos f  cos c]  .  {n.7.13) 


Let  us  note  that  for  stationary  satellite  relation 


R 

R  +  H 


0,161. 


(n.7.14) 
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VALUE  OF  COEFFICIENT  OF  WEAKENING  OF  INTERFERENCES  FOR  COMMUNICATION 
SYSTEMS  THROUGH  ISZ  AND  FOR  RRL. 


Table  n.8.|  gives  values  of  KOP  for  RRL,  calculated  in  [9.12] 
according  to  expression  (9.5.6)  with  different  number  of  telephone 
channels  in  RRL  and  along  communication  system  through  ISZ  and  with 
different  separation  of  carrier  frequencies.  During  these 
calculations  it  was  accepted  that  in  those  cases,  when  in  the 
communication  system  through  ISZ  there  is  no  charging  (number  of 
transmitted  signals  equal  to  zero),  it  is  introduced  the  dispersion  of 
the  energy,  which  carries,  upon  which  the  peak  value  of  the  deviation 
of  frequency  it  is  300  kHz  (see  columns  2  and  3  of  table). 


In  column  of  3  tables  is  given  value  of  frequency  band  on  hf/VCh 
for  communication  system  through  ISZ,  found  from  expression 


A  /hc3  =  2  (A  /bm  +  f*). 


(n.8.1) 


Here  A/a.M  “  peak  deviation  of  frequency,  determined  from  expression 
(7.3.7); 

Fj  -  frequency  of  upper  channel  in  the  group  spectrum  of  the 
communication  system  through  ISZ. 


In  columns  4  and  6  are  given  values  of  width  of  band  of  group 
spectrum  of  systems  in  question. 


In  colximns  5  and  7  values  of  efficient  deviation  of  frequency 
A/,p,  accepted  for  RRL  and  for  communication  system  through  ISZ  in 
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accordance  with  graphs  Fig.  7.3.6  and  formulas  (7.3.7)  are  given. 

In  coliimn  8  are  indicated  values  of  separation  between  carrier 
frequencies,  at  which  were  performed  calculations. 

In  columns  9-15  are  given  values  (in  dB) ,  found  for  indicated 
value  of  frequency  f*.  being  located  in  group  spectrum,  moreover 
values  xa>30O  dB  are  conditionally  designated  through  "-0". 

Table  n.8.2  gives  values  of  KOP  for  communication  systems  through 
ISZ,  jiesigned  according  to  expression  (9.5.6),  In  this  case  the 
designations  in  the  columns  are  accepted  the  same  as  in  Table  n.8.1. 
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Table  n.8.1.  Value  for  RRL  (mixing  signal  from  the  system  with 
IZS). 
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Key*  (1).  Number  of  telephone  channels.  (2).  MHz, 
with  following  values  F»;  of  RRL,  MHz 


( 3 ) .  ^  c  f  t 
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^  Pages  377-380. 

Table  n.8.2.  Value  for  the  systems  with  ISZ  (interfering  signal 
from  RRL) . 
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Key:  (1).  Number  of  telephone  channels, 
with  following  values  of  IS2,  MHz. 
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